STUDIES ON THE REACTIONS OF 
CHLOROSULPHONYL ISOCYANATE, SULPHURYL 
CHLORIDE, CERIC AMMONIUM NITRATE 

and 

PHOTOCHEMISTRY OF SOME CFIALCONES 


By 

SUDHA RANI GUPTA 




I t ' I ' ' ' ' ' ' ” 

DEPARTMENT ’6F' CHUMISW 

INDIAN INSTITUTE OF TECHNOLOGY KANPUR 

JUNE, 1985 


«TU 


% 





STUDIES ON THE REACTIONS OF 
C’HLOROSULPHONYL ISOCYANATE, SULPHURYL 
CHLORIDE, CERIC AMMONIUM NITRATE 

and 

PHOTOCHEMISTRY OF SOME CHALCONES 


A I Ju'.sis Submitlcd 

in Piudal L'ulhlnicnt of the Roquiicinont-s 
foi (he Degice ol 

DOCTOR 01- I’HILOSOPUY 


By 

SUDHA KAm (JUPl'A 


to ths 


BEI>AKTMENT OF CHEMISTRY 

INDIAN INSTITUTE OF TECHNOLOGY KANPUR 

JUNE, 1985 






. r 
' ) 


'd\ UEc mi 

/Ki V' * 

C4'NTR ' ' ■' ^ .. . 

/ 

,* C)OonjT 

AfiCt Atol 

s'!! 




Whon tho Garth is onvclopod in dnrknoss, it is tho sun's rays of 
liuht which arEidually dissolve tho mystoiy, illtiminnto it and 
allow It to unfold and rovoal Its truo bonuly and mnjosty in 
full splendour. Likowiso tho daiknoss of lonornnco is dispollod 
only by tho guidanco and knowlodgo of tho SUPREME ONF. 


MY SALUTATIONS TO HIM 



To 

My Inspiration 




^TATEMtlNT 


I hereby declare that the matter embodied in this 
tries la is the result of investigations carried out by me 
in the Department of Chemistry, Indian Institute of Tech- 
noloqy, Kanpur, India, under the supewision of Processor 
Ourga Nath Dhar, 

In keeping with the general practice of reporting 
scientific observations, due acknowledgement has been mad© 
wherever tho work described is based on the findings of 
other investigators* 




Sudha Pani ^5upta 


Kanpur 
June 198b, 



*v- 


l)EL'y\R'l'MKNT OJ? 

TNDlAtv) INSTITUTE OF TBCHNOI.OGY i<ANPrjR, INDIA 

CERTIFICATE I 

This is to certify that Miss Sudha Rani Gupta has 
satisfactorily completed the following courses required for 
the Ph,D* degree programme^ 

Chin bOO Mathematics for Chemists 

Chm bOl Advanced OxqanJc Chemistry X 

Ghm b02 Advanced Organic Chemistry II 

Chm 524 Modern Physical Methods in chemistry 

Chm 581 Rasic BioJoqlcal Chemistry 

Chm 800 General Seminars 

Chm 801 Graduate Seminars 

Chm 900 Graduate Research 




(P-d. Goel) 

Head, 

Department of Chemistry/ 


XIT-KANPUR 


(S.K, Dogra) 
Convener/ 

Departmental Post- 
Graduate committee# 
Dept* of Chemistry# 


IIT-KANPUR 



Vi- 


CKRTIFJCATE 31 


CerLLfiecl that the work oinbodlod in thlu thoHis 
ontJtLecli ON THIS RKaCTIONJ OK C IhOROSUI.hUONYL 

ISOCYAHATN, SULPHURYL CHbORIDTS, CERIC /\MM0N1UM NITRATE 
AWn PHOTOCliH’'lISTRY OF SOME CH \LCONES ' has bean carried 
by MJss S\idho Rani Gupta under my supervision and the 
buiiiu htis not been sunrnitted elaewhero tor a doyiee. 


r\J ^ 

Durcia Natli Dhar 
Theols bupej'vlsor 

Kanpur 
June IhBS, 



-vii 


ACKNOWbEDS^J^EN't’S 


It ia with d profound sense of gratitude that I wish to 
thank Professor Durga Path Dhar whose constant guidance has not 
only enhanced the technical merit of this work but has also 
ensured the completion of this otherwise impossibJe task* 

I wish bo express my sincere thanks to Drs* Y.D. Vankar 
and Chandrasekaran for invaiuabOe discussions and all other 
help rendered to me. 

1 extend my whole hearted appreciation to my colleagues, 

Dr, K.S* Keshavamurthy, Dr, A.K. Dag, Dr. .Sunita Joshi, Pr. Uma 
K, Tiwari/ Messers Uajan P, Joseph, K, Sampath Kumar, Manisha 
Tripathi and Chandra Bhattacharjeo and all others working in the 
core lab, whose ideas and comments are incorxiorated in this thesis. 

My thankB are due to the chemistry technical staff, (stores, 
workshop), and the institute glass blowing services for the 
generous help, 

I would like to express my appreciation to Drs, and 
Mesdames Chandrasokaran/ Dhar, Gupta, Rarna, Theraja, Vankar for 
providing me a homely atmosphere. 

My thanks are due to Mr. r.k. Rajpai, (for drawings), 

Mr. Anil vTohri (typing) and Mr* B.S, Shukla ( cycles ty ling) and 
for other help extended to me* 



— viii-* 

X cm qratelul to Mr* and Mrs* V,K, Jayaswal, Mr. and Mrs. 
R.A, AqrawaX I'or thoir af Coctionato oncouragomont. My words 
fall ho thank /mitd/ Apran.i and Rajandraji Tor instilling in 
me the foolinq of belonging to them. 

It is beyond ray words to thank the members of my family 
for tho opportunity they have provided me, and for the lovo 
»md affection bestowed on me. 


5judhn 



— ix- 
PRE1'V\CE 


The thesis has been divided into four chapters. Chapter C 
describes the reaction of versatile uniparticulate electrophile/ 
the chlorosulphonyl isocyanate (CSI) towards pyra^oles, S-^pycaaolin- 
!3--ones, 1, 2# 3, 4-tGtrahydrocarbazoles and isoxazoles. We have 
studied the reaction of CSX with pyrazole, 3 , S-dimethylpyrazole/ 
l-metnyl-S^-othoxypyrazole, l“-[4-"nitrophenyl3-3--methyl“'5--ethoxy 
pYraKOlO/ l‘^[3/ 4-din Itrophenyl 3*-3/ 5-diiTiethyL-pyrazole/ l-[ 2, 4- 
dJnitrophonyX J-l-mothyl-b-phenyl-pyrazol e, l-[4'"nitrophenyl3-3/ 5- 
dimethyl pyrozole, l-phenyl-B-methyl—b-hydroxy-pyrazole/ 1-f 4""nitrO“- 
phenyl J-S-iriethYl-S-hydroxy-pyrazole/ 1“[2, 4-dinitrophenyl ]-3"*methyl- 
5-hydroxy ^yrazole. 

2“pyrazoljn-5-ones, 1 , 2, 3 / ^-tetrahydrocarbazoles and iso- 
xaaoXes taken for the present study include^ t-[ 4 -nitrophenyl ]-3- 
methyl-2-pYrazolin-5-one/ l-[2/ 4-dinitrophenyl 3*"3*“methYl-2-pyra!3ol in 
-5-one/ 6, 8-dinitro-l/ 7 ., 3, 4-tetx*ahydtOGarbaK;ole/ 6-nitro-l/ 2,3^ 4- 
tetrahydrocarbazoXe/ 3/ b-dlmetnyl-isoxazoley and 4-x^henYl-3-n\ethyl- 
S-amino-isoxazole, 

Reaction of 3, 5— dimethyl— pyrazole; 3— methyl-5-ethoxy— 
pyrazole with CSX took place smoothly producing Intermediates/ 

3 / S-dimethyl-pyrazol-l— N-chlorosulphonyl-carboximide/ 3-methyl"-5- 
ethoxy-pyrasol-l-N-chlorosul phony l*,-carboximide respectively. The 
later compound on alkaline hydrolysis yielded S-methyl-S-ethoxy- 
pyraKol-“l“^"-*Garboximide. Reaction of pyrazole with CSX, produced 


pyrazol-l-N-sulphonamide 
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Reaction of 3 , fj-dimothYl-pyrazolG with CSl also afforded 
3 / 5'"dimothyl— l"*N"aulphonamide, The reaction of 1— [4--nitrophenyl ’]— 
3-'methYl-5‘“ethoxY-pYras;ole with CSI for 0,5 hr, produced 
nitrophenyl ]-3-"methy]"5"-'ethoxy“pyraKOl— 4"ChlorosulphonYl-"Garboxi-' 
mide. The l.itter compound on alkaline hydrolysis afforded l-[4“ 
nitrophenyl 3"3"*methyl—5— ethoxy--pyrcizol— 4— carboximide* Treatment 
of 1-f 4“nitrophenYl ]“3-methYl"“5"etnoxy"PYras2ol-4“chlorosulphonYl" 
carboxJmide with 13MF furnished the got responding carbonitrile. 

ThG reaction of 2"pyraao3 in'“5“onca on treatment with CRT 
produced the corresponding 2-pyra2!Oljn-5* imide. Here the ( 2-i 2) 
cycloaddj tion takes place at the c=0 group of the 2“pyrazolln"-5-one. 
6/ E3«-Dinitro-l, 2 , 3, 4-tetrahydrocarbazoie and 6-nitro-1 ,2,3, 4*-tetra‘*- 
hydrocarbazole on treatment with Cl>l yielded 6, 8-dinitro*^!, 2, 3, 4-* 
tetrahydrocarbazole“N“Chlorosulphonyl-carboximide and 6>-nitro-“ 

1,2,3, 4'-'tetrahydrocarba2ole’-N-chlorosulrhonyl“carboximide, 
respectively* The Jalter compound on hydroJysis yielded the 
corrusponctiny N**carboxlmicie. 

3, 5"-d1methyl“isoxa2JOlQ, 4-"phenyl-^3“inethyl‘“5‘“amlno-«isoxa!KOle 
on treatment with CSI gave rise to 3, 5-dimethyl‘-i30xa^ol~4*•aulphona“■ 
m^de and 5-[4-phenyl“3-iTiethyl]"'isoxazolyl-urea respectively* 

Tha Chapter II deals with the modified Ritter reaction of 
aulphuryl chloride with various Schlff's bases in acetonitrile, 
benzonitri le, dimethyl aulphoxlde and ethyl cyanoacetate 
respective3y* Reaction of the following Schiff's bases with 
sulpburyl chloride (lil), in acetonitrile have been studied. 
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M-*[j 2 -“bromobenKYliciene]-an.lli ne(78a) , N“[j^-ch3 orobenzylldene 
ohior-o-unillno ( 7p b) , N“-[benKYildene3"anlline (25^^ f [^“CblorO” 
bens', ylidone^aniline / N--[ben/.YlidenG]-£-chloro-einiline (76e) , 

N-[benKylidene tro'-aniline (78t) , N”[ 2 *nltrobGnKylidene]--£*- 
nitro-and line (78cj) , isi— [£-n±trobenzylidene3-m-'nltro-aniline (78h), 
N-[£“nitrobenaylldene]“ 0 -nitroaniline C7^i) , M~'[benz,ylidene3-~m- 
nitro-^oniline N"[benzylidene]'"-o-*nitj:o-ani}ine {78k), 

bromobenzylldenej-^-nitro-anillne (701) , N“[3, 4-dlmGthoxY bonzyli- 
dene]*-m"nJ tro-^ani} ino (78m) , N“[3, 4’-cUmol:hoxy“bon2Yli(aono]-ani line 
(^Bn) , N-[l, 4-dimothoxy—benzYXidenG]--j^“cbloro-dnllino { 78o) , ^"*[2*" 
motnoxy-benzylideno l-aniline ( 78r j) , ^"[^-mGthoxy'-’bGnzylidene}"*!!" 
chloro-anllino (7Bq) , N-[3, 4-(Umethoxy“bonKylidGno ]-]2"methoxy- 
ciniJine and aldazines (07a"-f) . 

The above modilied Ritter reaction was st\idied with the 
following Schifi's bases, in the presence ot SO^CX^j^'-OMSO. Ni“[3,4- 
dimetlioxY'-henzylidenej-anilinc, N-“[p**mGthoxy--benzylid©nQ}“-aniline, 
N-[£'«methoxy'«benzY^^*cione]*-p“chlorO“'aniline, N-f 3, ^-dimethoxy-benzyl- 
idene]-«]^’*iTiethoxy“aniline* An analogous study has been made, 
involving the reaction o£ suXphuryl chloride-methyl cyanoacetate 
with some of the 8chiff*s bases ( vide infra ) , N-[benzylidene]-£"- 
chloro^aniline, N-[benzyliclene]-£-nitro-aniline, N“-[benzyliden©]- 
m-nitro-aniline, and N"'[ 2 :"'nitrobenzyliciene j-^-nitro-aniline, 

liikewiae, the interaction of ao^Cl^-C^H^GW with the follow-- 
ing Sohiff's bases has bean investigated. N-[benzylidene]“aniline, 
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oboni^.ylidone ]“2-chlorO“cmilinG, N“[£-chloro--bGnBylidene]— 
c\nj3ino. Tlie react'd on of .SchiffB bases (78d’^m) with s^llphu^Yl. 
chdoricto in acctonibrile took place smoothly giving rise to the 
corresponding N-phenyl-bonzlmi dinos (g^d-m) respectively, Prcat“ 
ment oi Scbiff's bases (VBa—c) with sulphuryl chloride in aceto- 
nitrile produced bonzaddehyde-pheny l-hydrazonos. The ladder 
comtjounds arc formed via the diazirldine intormediatss , 

Reaction of dchiff's bases with sulphuryl chloride 

in acotonitride furnished tlie corresponding benzanil Ides, The 
same products^ viz., Ijonzantlidos (qgo, p, g) were isolated, i1 
acetonitrile is replaced by dimothylsulphoxidG (l^MSO) in the above 
reaction. However, in the reaction oi M-[3, 4"-dlmethoxYbo^zylidene]"- 
anilinG (78n) with SOoCl^^UMSO, the oxaziridinc derivative was 
i ormed. 

Reaction o£ BchJff's bases (2S.^""y) with sulphuryl chloride 
in othyd cyanoacetote also afforded the N-tihenyl bonssimidinea, 
Aldaztnes on treatment with GO^Cl^-CH^CN gave rise to the 

correaponding a-chdoroaldazines. Reaction of N-^[ben5aylidene ]**-£“■ 
Ghloro*-anillne (2S®^ with sulphuryl chloride in ethyl cyanoacetate 
also yielded tne benzimide chloride. Treatment of SOgClpC^H^CN 
with N-^Lbenzylidene j--anid ine, N*“[£‘"Ghloro-ben 2 ylidene}-aniline 
gave rise to their corresponding N-phenyl-benzimi dines respectively. 
Reaction of N--[£‘-chloro-benzyd idene]--£-Ghloro-anXline with S02Cl2“- 
C^HgCN produced the corresponding ben2aldehyde**phenyl‘“hydrazone,' 
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Xn Chapter Hi c^re ciescrdbed the ceric ommoniuni nitrate 
oxidation o£ fsome esterS/ addazanes and heberocycles* The eaters, 
ciddazines and heterocycies taken for the preaenb study include 
methyl'-'benzoate, ethyl-benaoate, n-'propyl'-benaoate, Gthyl'-g—cnloro 
bennoate, allyl-^-chloro-benaoate, allyl-p-toduate, aid yd-p-methoxy 
ben2'-oabe, bonKyl-benaoa be, bGnzyl“-]2“chloro"ben7,oatG, benzyl—^" 
loluabu, ethyl-phonyWaGetate, n^propyl—pheny l-acetale/ addazinos 
( 1 3h a-.i ) , 1-*phcnyl-"3--mGthy3'-2-pyrcizod dn*^!?)-one; i“[4"ni trophonyl ]- 
d-^mothyl-'^-pyraiiolin-^lj-one; 1^2,3, 4'"te bra hydroma rbazolo, 1«[ ?, 4- 
(li n Ltro^phenyl ]-3 , t-dimethyl-pyraKole. 

Oxidative cieavacje of eaters with CAN has been studied (in 
1:4 moJar ratio) at retlux teniporaburo for 5-6 hr, resulbincj in 
the fonnnbion of their corresponding acids. The oxidativo cleavage 
of aldazines has been effected by CAN in 1:6 molar ratios, In 
acetonitrile at reflux temperature for 1.5 hr/ and giving rise to 
tne corresponding aldehydes, which were characterized by the 
preparation of their 2, ^-dinitro-phenyd-^hydrazones . Treatment of 
ceric ammonium nitrate with some haterocyoies (in 1:4 molar ratio), 
such as , l'-phenyl-3"*methyl“’2-pyrazolin-S-one, l-[ 4-nitrophenyl }-3- 
methyd"‘2-pyrazolin-5-one; and 1, 2, 3, 4-tetrahydrocarbaaole took 
place smoothly producing their corresponding dimers viz., 4,4^- 
b is- l-phenyl— 3-methyl-" 2— pyraaolin-5-Qne; 4,4' - bis —l-f^—nitro-phenvl 
-3-methyl-2""pyrazolin-5"“One? N/N'- bis -l , 2, 3, 4-tetrahydrocarbazode 
respectively. l"-[2/4-dinitro-"phenyl]-3, 5-dime thy l-pyrazole on 
treatment with can produced a hitherto unreported heterocycle. 
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‘t'Vio Chcapter IV deais with the study of ihe photochemical 
irrcididtion of some substituted cha3cones, vi?../ 4'“ch3oro- 
chal Gone^ 3, 4-cllmethoxY— 4 ' -chloro-chalconc^ 4 ' -chloro-^-aceta- 
mido-chijlcone. The photochomical irradiation of above chalcones 
has been carried out in different solvents such as benzene/ 
acGtone, methanol, etlianol, acetic acic3, employlncj the molecular 
oxycfon, RodctionvS wore carried out using -Srinivasan Griffin 
Uayonot j)hotoch(3mical reactor, equipped with 2b37X llciht source, 
Irradiation of 4' "-chi oro-cha leones, 3, 4“dimethoxy“4 ' - 
ohloro-chalcone In acetone/molocular oxygen, lor 46 hr, gave rdse 
to their corresponding indenones* 

4 * “chloro-chalcone, "3 , 4-d.lmethoxY-4 ' -chlorO'-cha leone in 
benzene/inolecular oxygen were photochemically irradiated for 
44 hr, leading to tne formation of flavanones. Irradiation of 
4-Ghloro-chalcone (as well as 3,4“dimebhuxy-4^-chloro-“abalGone) in 
mathanol-Og/ yielded p-chloro-bensoic acid. 
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CHAPTER- C 


REACTIONS OF CHLORQSULPHONYL ISOCYAMATE WITH 
PYRAgQLES/ 2--PYRAZQLINE-5-ONES, ISOXAZOLES 
AND X, 2 , 3 j 4--TErRAHYDRQGARPA20LES 


X 4 I ATiSTRACT 

The reaction of the versatile unipasrticulate elecbro- 
yhile (CSX) towards pyrazoles, 2"pyrazolin-5"oneB/ 2^3,4*- 
tetrahydrocarbazolea and isoxazoles have been Invosbigated. 
we have studied the reaction ol CSI with pyrazole/ 3/ 5-dimethyl 
pyraaolQ/ 3—mebhyl-5*-ethoxy-pyraaole/ l”[4—NJtro—phenyl]*-3— 
methyl -5-*ebhoxy-pyrazole/ i-f 2—4—dinitro-phenyl ]— 3 , 5-dimethyl*- 
pyrazole, l—[ 2/ 4-dinit rophenylJ-S-methy 1-5— phenyl-pyrassole/ 
i-[4-Nitro-phenyl ]-3 , 5-dJmethyl— pyrazole, 1— pheny 1-3-methyl— 5- 
hydroxy-pyrazole , l-[ 4-Nitro-phenyl ]-3-mQthy3-5-hydroxy-pyrazol 
l-[2# 4-dinitro-phenyl ]-3-methyl— 5-hydroxy-pyrazolo* 

a-pyrazolin-S-oneS/ 1/ 2^ 3# 4-tetrahYdrocarbaKolea and 
isoxazoles taken for the present study include# l-[4-Nitro- 
phenyl ]-3-methyl-2-pyraaolin-5-one, 1— [ 2# 4-dinitro-phenyl ]-3- 
methyl- 2-pyrazolin-5-one/ 6/ 8-dinitro — 1# 2# 3 , 4-tetrahydro- 
carbazole/ 6-Nitro-l#2^3/4-tetrahydroaarbazole# S/S-dlmethyl-*- 
ieoxassole# 4-pheny 1-3— methyl— B-amino-isoxassole# 
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In all tho above casos the 1;1 widduct formation has 
boon ostablished on tho basis ot mass spoctrosaopic data. 

1.2 IWTRUDUCTION 

1 2 

Chlorosulphonyl isocyanate (CSI) discovered by Graf ' 
in 1952, is the most roactivo isocyanate known. The polar 
chlorosulphonyl group attached to the cumulative doul-ilo bond 
in CSI, onhancos tho reactivity ol isocyanate group such tliat 

3 

tho carbon atom becomes strongly oloctrophilic. This ewagonh 

A ri 

has racuivod conaidorablu attention owing to its reactivity 
as a unipartiauldto olectrophiiu and as a hetorocumulone in 
cyaloaddition reaction with multipie bonds. 

If on© conceives CSX as an electrophile, there are two 
sites of attack by nucleophilic species, viz . , the sulphonyl 
and carbonyl groups, In addition, the cyci oaddition to the 
GmN of cumulative function can also occur, CSX undergoes all 
these three types of reactions, 

\/ 

Q-KsCraNH 

1 

■Mi 

Reactions with Active hydrogen compornids t 

Chlorosulphonyl isocyanate undergoes the expected nucleo- 
philic additions with alcohols, thiols, phenols and amines®**’^ 
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The resiUtlnq N-chlorosulphonyl derivative can be easily 
functionalized by reacting with water/alcohol/amine (Scheme 1*1). 
Thus# the use of CSI enables the formal insertion of -COHHSOg- 
linkage between alcohol/ and/or amine functional groups. 



RwH/ alkyl/ aryl etc. 
KmOg NH/ NH^/ S. 


The facile reactions of CSI with alcohols have been 

1 1 

exploited in their conversion to the corresponding amines. 

This mainly applies to tertiary and benzylic alcohols/ ROH/ in 
which the alkyl portion R is able to support a positive charge 
(Scheme 1.2). A simple synthesis of oxazolidones is possible 
by the reaction of CSX with a -kotoalcohols (Scheme 1.3). 
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Scheme It 2 


R-“OIi 4- O^c^N-SO^Cl > R-OC-NH-SO^GX 


-CO. 


CH3 

R:«PhCH2., / 
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R-NH-«02CX 


1) HjNNHCOp- Du 


ii) Pb(OAc) 
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^ i±i) H' 
3 


+ 

RNH 



CH. 
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The exceptional reactivity of CSI with alcohols makes 
it possible to derivatiae primary alcohols in the presence of 
other functionalities* This has been utilised in the synthesis ; 

of (j;)'«-l-carba analogues of cefoxitin (Scheme X*4)* i 

The reaction of phenols with CSI, at ordinary temperatures, 
is quite analogous to that of alcohols* But at elevated tempera- ; 

I 

ture the reaction affords a new class of reactive isocyanates, j 
via */ aryloxysulphonyX isocyanate JJ. which on hydrolysis yield 
aryl esters of staphamic acid (^4) (scheme I.S). , 



SCHEME 1.3 
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Joy^taUlohy^ea and o-hydroxyacctophononea react with 

1 6 

CSl/ at room tomperdtxix'o, to give ben'/.oxawinones ( V?) • Tho 
samo reaction, in refluxing toJuono^ affords L; 2, l-benzoxathia™ 
aine-2, 2-clioxides (1^)^*^ in good yields, similarly, C3X reacts 
with catechols to give a new scries of soven—membered hetero** 
cycles via . , the benzo-{ f )“2, 2, 4— trioxo-1^ 5/ 2, S-dioxathiasaepina 
{IT) 

The facile reaction of CSI with amines has been exploited 

in bho syntheses of some heterocyclic compounds. For example/ 

1 9 

Karady et al. have reported the reaction of csi with 2-amino~ 

pyridine (18) and 2”dminopyrav5ine (^l) • Intermediate 19 

formed in this reaction, undergoes smooth cyolizatlon in tho 

presence of othyj diisopropylamino to give tho trlazino 20 

(Schemo X.6). Ijikewise, thiatriazine durivativos 23 and 24 

20 

can be prepared by the reaction of isothioureas with CSI, ' 

StorLcally hindered a-*-amino nitriles react with chloroaulphonyl 

isocyanate to givo/ after hydrolysis/ tho corraspondlng 

hydanboins. This has been utilized in tho synthosia of opti*^ 

21 

Ccilly active spiro-hydantoins (^) . 

A new synthesis of 1, 2, 4-benzothiadiazines (^g) hsi& 
been achieved by the reaction of aniline and substituted 
anilines with CSI, followed by a Friedel-crafts Cyclization^^' 
(Scheme I#7) . 



/ 

SCHTME KG 





23 

Th« reaction of CSX with IH-tGtraKol-S-amine (^) and 
subsequent treatment with a hindered baso/ ethyldiiaopropy^- 
amino/ affords an interesting thJabriaaine dex'ivatlvcs Driof 

treatment of ^ with boiling water converted it in to the urea 
31 in which the tetrazol system was reconstituted (Scheme I.B) * 


Scheme C,8 



1 . 

2 « 


CSX ^ 
i-l->r2NEt 



0 

II 

H2NC"']SiII 




Recently, Olah et have used CSX in converting aldoximos 
and amides into nitriles, thus employing it as a dehydrating 
agent « 


Carboxylic acids react readily with CSX to form a 

relatively unstable intermediate, which then loses carbon 

dioxide to give the corresponding w-chlorosulphonyl carboxa- 
25 

midas • These carboxamides can in turn be converted, Jja situ 
to nitriles in good overall yields, by treatment with dlmethyl- 
formamide. chlorosulphonyl isocyanate has been found to be 
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good reaqenb for the conversion of carboxyUc adds to the 
corresponding cinhydrldes^ amides and esters. Both aliphatic 
and aromatic carboxylic acids have boen foxand to undergo smooth 
transformation in the presence of carboxylic acids, aliphatic 
and aromatic amines, alcohols and phenols to give the corres- 
ponding anhydrides, amides and esters in good yield. 

Reactions with Carbonyl compounds i 

The cycloaddition to sulphonyl isocyanates across carbon 

oxygen double bond in aldohydoe and Kotonos la a useful method 

27 

for the synthesis of sulphonyliniinea. Graf has reported the 
formation of N-chlorosulphonyl aaiomethine, when CSI reacts with 
aldehydes, at room temperature. The aKomethine derivative may 
be considered to be formed from (2+2) cycloaddition product 
followed by loss of carbon dioxide. On the basis of spectro- 
scopic methods it has been shown that, at low tomperatura, CSX 
reacts with bensialdehydo and acetaldehyde (molar ratio, 1*2) to 

oo 

give the corresponding derivatives of dioxasalno (34). 
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Scheme 1*9 
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The formation of 2i. favours bhc intermediacy of the Iv^-dipolar 
species 33_, However/ the exact rate of carbon-nitrogen bond 
iormation in relation to carbon dioxide elimination is 
difficult to determine and therefore/ the transient formation 
of the oxaKetldinone 36 cannot be railed Out (fJeheme 1*9) * 

The reaction of CSX with ketones ist however/ more 
complicated* The reaction products with different structural 
features have been isolated/ depending upon the structures of 
ketones / concentration of the reactants and the experimental 
conditions employed. 

Equimolar reaction of CSI with 1/ 2-diphenyloyclopropanG, 

30 31 31 

tropone/ 2, 6-diphenyl-4(H)-pyran-4-one and flavone led to 




31 


the iormatfon of the correcpondlnq linlnesulphonyl chlotldos, 

BenzophenonG reacts with GSI, at elevated temperature/ to form 

2 8 

benzothiazole—1 / 1— dioxide/ via the intermediate azomethine 
(Scheme 1,10), 


Bchemo I >10 



AGO by la CO tone / reacts with CSI to produce the enol carbamate ^ 
in 07‘;'« yjLtdid/ at Low temperature. The compound £L rearranges/ 
on warming in solution to via an elimination reaction and 
roaddltion of CSI (Scheme 1,11),^® 13 -Ketocarboxamido £2 is# 

however/ formed when the above reaction is carried out at 
room temperature* 
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Sc heme iyll 
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J:nolizable kotonca undergo electrophilic reaction with CSX to 

28 3 2 

produce N-ohlorosulphonyl- (3 -kotocarboxamidas, ^ These 

compounds con be converted/ by treatment with DMP/ into the 

33 

corresponding /3-ko ton it riles £5 in high yields (Scheme X*12), 
Under appropriate conditions/ j3-kotoamidu8 (^) obtained from 
aliphatic and aromatic ketonos/ can undergo further transfor- 
mation/ which involves a second eleatrophilic addition of CSX 

to tha enol tautomer/ to produce malonamide derivative 48 , 

34 

Hassner and Rasmussen reported/ for the first time*/ the 
electrophilic addition of CSX to simple ketoneS/ which provides 
a facile entry into the 3/4"-dihydro-4-oxo-i/ 2/3-oxathiaKine-2/ 2*- 
dioxide (^) and 3/4-dihydro-‘2H-2/4-dioxo-l/3-oxaaino (52)* 

When ether is used as a solvent, CSX acting as a Lewis acid^^ 
can abstract a chloride from £6/ thus producing ^ which in 
turn gives ^ by a proton transfer and ring cJoaure* 
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CSI roacts with ^ to produce onolcarhamatG (^) and thit) 
cyclizGS with loss of suiphamoyl chloride bo furnish 5^^ in 
fairly good yield (Scheme 1,13)* 

Reaetjons with Carbon Nitrogen double bonds ; 

3 6 

Suschitzky et have made a detailed inveatiga'^on 

on the reaction of CSl with carbon nitrogen double bonds, 
Schiff bases react with CSI in a Xt2 molar ratio to produce 
triazindlonosy whereas aalnes (which can be regarded as bis* - 
anils) roact with CSI to give bicyclic betraza-compounds 56 
(Schome 1,14) , 


Scheme 1,14 
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The dropwlse addition of CSI to tho dlimide ^ is reported to 
yield the dlazabidinone 61, while with inverse addition a 2!l 
CSI-diimide adduct triazinedlone 59 was obtained* However, it 
ia interesting to note that diphenyl carbodiimide 58 gave 
triazinedione, 60, regardless of tho mode of addition (Scheme 
1*15) * 

Schoino 1*15 
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Dimethyl ipulphoxide reacts with csi at low temperature, 

c 

to form N-chlorosulphonyldimethyl suXphimide , by the elimination 
of carbon dioxide from the initially formed CSX-DMSO adduct. 
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Ro.slhivomurLY ot huve founa that CSI/NqI roagont 

Myatoni to bo vory otficiont for tho reduction of fiulphoxides 
to sulphidos (Schomo 1.16). 
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38 

Raghurvathan ^ havo atudled the reaction o£ 

chloroaulphonyl isocyanate with S-oxaiaolones, These compounds 
undergo a facile roaebion wdth CSI to form a [2+2] adduot/ the 
CwO function of CSX adding across (c^n) bond of oxaKolonos to 
form a novel bicycllc system as shown in Scheme X.17. 
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This reaction is o£ synthetic importance/ as it provides a 
simple one— pot“method for the preparation of aromatic nitriles. 

A 1;2*3 mole reaction of pyrrole with CSI affords 2 / 4-dicyano™ 
pyrrole (7^) in excellent yields/ when is used as a solvent.^^ 
On the other hand/ the Vilsmeier-complex of pyrrole-2-aldehyde 
(72) on treatment with CSl yields an unusual product/ viz ./ 
4-chloropyrrole-2-aldehyde^^ (Scheme T.19) . 

The reaction of indole with CSX affords N-chlorosulphonyl 

indole-3-carboxamide (7j3) in good yield. can either be 

converted to the corresponding amide 76 or to the nitrile 77 

4 2 

in good overall yields (Scheme 1.19) » Similarly/ in case of 
M“ph©nyl-2-pyrazolinG3/ CSI xindergoes electrophilic substitution 
at the N“phenyl group^^ (Scheme 1.20) » 

X.3 Reactions with Multiple Ponds 

1*3.1 Reactions with carbon-carbon, multiple bonds 

yrom the synthetic point of view/ bhe cycloaddition 
reactions of CSI with carbon-^carbon multiple bonds are of 
special interest/ as they represent a novel method of preparing 
cyclic compounds/ which are not easily accessible by other 
methods* A brief review of such reactions described beloW/ 
will exemplify the uniqueness of csi in forming such ring 
compounds * 
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Tht^' oxtraoidlnary propensity oi CSI to add to carbon— 

4'~8 

carbon multiple bonds are well decumented* CSI reacts with 

olefins forming Isl cyclic and linear adducts vIk , / N— chloro- 
sulphonyl-P-"lactam( 82a and 82b) and N-chlorosulphonyl carhoxa- 
mide (83a and 83b) as illustrated in Scheme 1,21* The ratio 
of products (cyclic to linear adducts) depends upon the 
constitution of the olefin. On the basis of infrared spectrsi 

7 

studies it has been concluded tnat the N-chlorosuiphonyl-p- 
lactam (, 82 a and 8 2b) and the open chain P-chlorosulfonyl 
carboxamide ( 03a and 63b) are Cormed Independently, The ratio 
in which the products are formed remain constant from the 
beginning to the end of the reaction. 


Scheme 1.21 
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Both concerted and non-“concerted mechanisms have been 


postulated for these reactions. Graf" envisaged a two step 
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mechanism for CSI-olefln reactions/ involvinq the initial 

formation of I , 4—dipolar adduct 84/ which could stabilise itse3 i 

through cycliKatxon to the four membered 8b and/or via a proton 

shift to 86^ This proposal finds support from the following 

observations* i) The influence exerted by the nature of the 

oleMn and the polarity of the solvent on fcho rate of the 

reaction, il) independent formation ol 85 and 88/ and their 

relative proportions being independent of the change in the 

4 5 

reaction conditions. Moriconi/ * on the other hand/ has 

2 ? 

proposed a near concerted/ thermally allowed n s m Tt‘a cyclo- 
addition/ probably initiatod by n -complex formation and 
proceeding through the polar transition state 84 a . Among the 
evidences cited in favour of this rationale arc; i) the lack of 
rearrangement in the reaction of CSX with rearrangement— prone 
bridged bi- and tri- cyclic olefins / li) the stereospecific 
addition of C8X to cis- and trans -oXef ins/ and iii) the initial 
formation of (2f2) cycloadduct with conjugated dienos/ which 
readily rearrange to more stable (4-12) adducts (Scheme 1^22)* 
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Thua^ the cycloadditjon'^'^’*’^^ Is found to be highly 
toteroo- and regJ ospeoific# In other words^ the adduct 
is citwaya fortried and the addition tciJ<ea place in such a way 
that the moat stable carbon ium ion would be generated. The 
examples quoted in Scheme 1,23 highlight the reaction of CSX 
with mono^lefins, 

51 

Recently/ Suschitzky ^ cO., have reported that o- 
dialkylaminostyrenes react 'with CSX in Is 2 mole ratio to yield 
6 -( 2 ^dlalkylamlnophenyl)uracila (, 112 ) > after hydrolysis. 

There are several reports in recent years about the 
remarkable utility of chXorosulphonyl isocyanate in the total 
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.Synthestw of many natural products and thoir dGrivativGSii Thoso 

ts 2““ S 3 

include antibiotics such as penJcilltn and cephalosporin 

fii 

analogues, th Lenamycin ' ( 113 ) , p-lactam prostoglandlns, 

{+) -biotin^'^" ( lil) / dethiobiotin*^^ ( 11b ) , and dl-daunosamine^^ 
( 116 ) . In all these syntheses, a crucial step involves the fi - 
lactam formation usina CST. 

'rh (2 reaction of C.SX witVi 1, s)—dienos and trJonos arc welJ 

£LUk '7 a 

documented in literature, Thoso undergo 1 , P- as well as 

1 , ^-additions with C£J1, a soiics of uniq\io 1,2- to 1, ‘l-rearrango- 
monts O'; tho initially formed N-chloroaulphonyl- .n-lactam have 
boon observed in mciny cases. An illustrative oxamplo is depicted 
in dcheme J.24, 

The reaction of chlorosulphonyl isocyanate with cyclJc 
trienes, however, gave only 1, b-cycloadditlon products. The 

7— substituted cycioheptatr Lentzs gave N—cnlorosulphonyl imino 

. 71-72 

ethers. 

The reaction of cyciooctatetraene with Cdl yielded 1,4- 

and 1, 6-cyclOddducts, which were characteriiaed as their lactama 

after hydrolysis. The formation of a (2i2) cycloaddition 

73 

product was also observed at low temperatures. In case of 
polyenes, uniparticulate electrophile, can act as an 

extremely useful reagent for the generation and intramolecular 

a ^ CL 

trapping of carbonium ions. Paquette and his coworkers 
have demonstrated this use of Cdl as a mechanistic probe in 
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7 ^ 75 

LhcLr stuclius o£ mo3oGu3os such as bullvalene/ barrelene 

7 6 

and homo-barreJ ene. ’ A novel synthesjs of methoxyaKabullvalene 

77 

has emerged from this research of flixxional systems (Scheme 
1.25) . 

Reactions w:l th Nitrogen-Oxygon Double bonds 

Ch3orosvxl phony] jsocyandte has been employed by Ohar and 

70 

Dag t*or offectJng the denitrosation of N-nitroso compounds* 

This involves the initial addition of CSI to nitroso group 
(Scheme 1.26)* 

79 » 

Kumar Thamaral sol vl have st\idied tlie •'■'j^t'acti-on of CSI with 

tetracyclopentadienone, loading to the formation of stable 
sulphonamide. Here CSI undergoes (2+2) cycloaddition to tetra- 
cyclopentaddenone, 

111 uiUer to widen the knowledge of the chemistry of chloro 
sulphonyl isocyanate, an attempt has been made to study the 
reaction of this uniparticulaUielectrophlle with various 
heterocycles. Investigations were carried out on the reactions 
of this active reagent with pyrazoles, 2-pyra20lin-^5*'0neS/ 
isoxaisoles and 1, 2^3, 4--tetrahydroGarba!aoles. 

The pyraaoles, taken up for our present investigation 
for reaction with CSI include/ 3# S-dimathyl'^pyraiaole (184a)/ 
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S“othoxY^3-mothyl-pyra5iole ( 184 b) / pyrazole ( 184 c ) , l-[4-Nitrc>- 
phenyl]-3-’mothyl-’5-Gbhoxy pyraKolo ( 184 d) / l-phenyl-*3'-methyl- 
S-^hydrcixy^pyrazole ( lS4 o ) , l"-[4“Nltrophenyl ]"-3“mGthyl b-^'hyclroxy— 
pyraaole ( 184 £) / 1— [ 2/ 4-dini.tro phenyl }“3*"niethyl““5--hyclroxy 
pyrazole ( 184 cf) > l-[4-"Nitro phunyl ]— 3 , 5“dimothyl pyrazole 
( 184 h) t 1*“L 4"-dinltrophGnyl }-3 , 5-“cUmGthyl pyraeiole ( 184 1) / 

1— [ 2/ 4“dinitrO“phonyl }-'3'“mothyl“b‘"phenyl—pyraKoXu ( 184 j ) , 

2-pYrai'.ol4n-S-onoa3y 1/ 2y3,4‘**totrahYdrocarbawolus and 
IsoxaKOloa taken for present invostlgation Inolucla 1— 
phenyl ]-3"«mathyl-"2-pyra2',olln"5“Ono (, 195 k) / l-[2/4-din.ltrc>-'phenyl]‘" 
3^muthyl‘-2^pyrazolln— 5-ono ( 195 1) ^ 6,8«dLni.tro-l, 2y3,4-tatra- 
hydrocarbassolu ( 205p)/ 6-Nll'ro*'!, 2y3,4-totrahydrocarbazolo 
(, 2Q5 o) / 3/ 5-dimefchyl-“isoxoKoltf ( 1 99 m) t 4-phony l'-3-mathy3*“S- 
arnlno isoxgzole ( 202 n) # 

I 

Reaction of 3 , S-dlmethyl pyrav^o^e ( 184 d) ^ S-mothyl— 5- 

I 

ethoxy pyrazolo (, 'l84b ) with CGI gave risu to 3,5-dimothyl | 

pyrazol-1— N-chioroaulphonYl-aarboximidu ( 185 a) y 3-methyl— 5- 
athoxy-pyrazol-l-N-chlorosulphonyl aarboxlmido ( IBg b) * ( laSb ) 
on alkaline* hydrolysis furnished S-mothyl-S-ethoxy-pyrazol-l-W- ' 
carboximide (186b) (Scheme 1,56) • Pyrazolo on treatment with ' 
CSI produced pyrazol-N-sulphonamidO/ 3y 5-dimethyl-pyrazolo ( ie.4 a) 
on treatment with CSI also afforded 3/ S-dimethyl-pyrazol-N- 
aulphonamide ( 188 a) ♦ Tho reaction of l-[4-Nitrophenyl3-3-methyI- 
5-ethoxy pyrazole with CSX at 0*^ for 0,5 hry produced l-[4-Nitro- ' 
phenyl V3-methy 1—5-ethoxy pyraK;ol-4-chlorosulphonyl carboximide* 

I 
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Tholai-toi compound on alkaline hydrolysis furni*^had !*-[ 4- Mitro- 
phonyl }“3— methYl—&”ethoxy pyrasoJ— 4-cdrboximicte. Treatment 

1- '[4'”Nitrophenyl ]—3-*methy 1—5— ethoxy pyraKol—4-chlorosulphonyl 
carboximide with dimethylsulphoxide afforded the corresponding 
carbonitrile (Scheme 1,57). 

Renctaon of 2— pyra'aclln-S-ones ( 19 5 1^-1) on treatment with 
CSI at produced corresponding ‘^-pyraKOlln-S-imidG ( 190 1<r"l) . 

Here the (2i-2) cycloactdition takes place at the c==0 group of the 

2- pyraiiolin— 5-one (Scheme 1,59). 

Roaetjon of CSI with l-“phenyl-“3-methYl“5-Viydroxy'^yrti/.oJe 
( 184 g) y 3‘"[4-™Nitro phenyl J-S-methyl-S-hydroxy pyra^olo ( t84 f ) , 

1— [ 2^ 4— dinitrophenyl ]-3'-methyl-5“hy^''Co^y pyraKiole ( 184 g)p reduced the 
corresponding pyraKOl-S-chlorosulphonyl urethane ( 193 e-g) which on 
alkaline hydrolysis yielded the corresponding S^carbamato-pyraaoles 
( 1.94 e-g) (Scheme 1. 58). 

3/ !>-dimethyl‘-"lsoxa5501e/ 4-phenyl-3-methy 1-5-amino isoxa^ole 
on treatment with CSI gave rise to 3, 5“'dimethyi“isoxaz;ol-4-'Bulpho- 
namide ( 201m) and corresponding isoxaaolyl urea respectively ( 2Q4 n) 
(Scheme 1.60-61). 

6, 8-dinitro-l, 2/ 3, 4-tetrahydroaarbazole ( 2QS p) and 6-Klitro- 
1, 2,3, 4-tetrahydrocarbazole ( .205 o) on treatment with CSX yielded 
6, 8-dinitro-a, 2, 3 , 4-tetrahydrocarbaKOl-N-chlorosulphonyl-carboxi- 
mide and 6-NitrO“l, 2,3, 4-tetrahydrocarbaKOle-l^-Ghlorosulphonyl- 
carboximide respectively. 6, 8-dinitro-l, 2, 3, 4-tetrahydro-carba3ol- 
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N-chloroyuXphoiiyl ccirboxamide on hydrolysla yielded aotrespondlng 
N-ccirboximide ( 307 p) (dchome 1.62)* 

In all the above oases the 1:1 molar adduct formation has 

been established on the basis of mass spectroscopic data. It is 

—1 

interesting to note that the IR absorption band at v 1600 cm 
( >C=aM) remains intact in all the adducts. This is interpreted 
to mean that t\^e CSt fails to react at this position of the 
molecule. 

An In&ight into the chemical nature and reactivity of 
pyraaoles/ 2-'pyrd?iolln"“5"ones< I, 2, 3 / 4-tetrahydroGarba2ioles^ 
and iaoxasaoles will enable one to understand the chemistry of 
these compounds in a better way. 

Knorr and Buchner, noticed that, like other aromatic 

compounds, pyra:^o3e had a x:>articularly stable nucleus and a 

no - 

tendency to uncieryo substitution Tt took place particularly 

in the 4th position. 

Chlorination of pyraKoles^^"“®^ in neutral or weakly acid 

media leada to 4-chloro py^a^olQS, successful chlorinating agents 

83 8 ^ 

are s\;lphuryl chloride or phosphorous pentachloride in neutral 

mediumi at low temperatures. 

86 

Huttel, Schaefer and Welzel established that free chlorine 
in weakly polar solvents reacted with 3-"methyl«'pyrazole to give 
3’"methyl‘^4-“chloro“pyra2io3e. Xn acetic acid solution, the reaction 
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proceeded further to 3-moLhyl““<l, i5~clichloro rind then S-brichloro 
methyl— 4 , 5*“dicViloro pyrazo^e (Seneme 1.27), 

th 

Rrominat-Lon in the 4 position ib the most facile reaction 
of all pyrazole e3 ectrophilxc substitution. BrOminablon In the 
presence of iron resulted in the introduction of two or bhree 
bromine atoms (Scheme T.2R)* Wypobromous acid and N-bromosucci- 
nimido were also used as bho brominatlny agents* 

Direct nitrosation of pyrazoles is accomplished to obtain 
^“NitroBo pyraKOles^^ (Scheme 1.29)* In a strongly acidic 
medium, the pyrutsoie nucleus exists as a cation, from which the 
hydrogen at posit’lon-4 cannot be displaced by nitrosatLon. 

09 

HeotJng N-su):>sti buted pyrazoles with benzoyl chloride at 
200-230^ for somo hours, yielded 4-bGn20yl pyrasolos in high 
yields, even in the absence of catalysts (Scheme 1,30)^ 

The hydrogen atom of the imino group of pyraaoles is 

90 

sufficiently active bo take part in the Manniah reaction* 
pyrazoles unsubstituted on nitrogen, gave rise to dia3kyl amino 
derivatives with formaidehyde and secondary amines (.'Jeheme 1^31)* 

n -I 

Pyrazole ring is particuiariy resistant to reduction, hydrogen 
over finely divided nickel, even at 150*^ and 100 atmospheric 
pressure* Catalytic reduction of a pyrazole ring unaubstituted 
on nitrogen, with pa'l ladium catalyst in acetic acid at 20^, produced 
N-^phenyl-pyrazolinea and then at 80*^, it is converted to Kf-phenyl 
pyrazolidines* 
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Pyrn'/olos undctoo Michael addition to a./ /3 -unsaturated 
93 94 

acids/ and esters, acrylonitrile/ maleic anhydride, acetylene 
dicarboxylic ester,^*^ a, p-ainsaturated ketones^^ and qxiinones 
(Scheme 1.32) , 

NH group of pyrazole is reported to be acylated with 
acyl chlorides, anhydrides ot aliphatic/ aromatic and heterocyclic 
acids, chloroformlc ostors, phosgene and other agents to give 

1- ^acy] derivatives (Scheme 1^33). Aikyiablon of free Nil group 

96 

of pyraiisoles proceeds by the action of normal alkylating agents 

g 7 

(Scheme 1.34). The pyrazole ring is stable to oxidation. 

Various alkyl pyrazoles were oxidized with permanganate. 

The most outstanding chemical property of 2-pyrazolln*5- 
ones is the activity of hydrogen atoms at C'“4, This position is 
very reactive, undergoing the characteristic condensations and 
substitutions of the active methylene gi"oup. i 

q o I 

The alkylation of 2-pyrazolin“5"‘ones at C-“4 occurs 
readily with compounds having reactive halogen atoms (Scheme X.35). ; 

2- pyrazolin--5“-on6s can be readily acylated at C-4 with acid 
chlorides, esters^^^ and anhydrides. Phthalic anhydride 
reacts with two moles of a-pyrazolin'^S-one (Scheme 1.36). 

! 

Ethylisoformanilide, alkylates 2'-pyrazolin-5-ones producing ; 

! 

4-“anilino*'methylidyne-‘2-pyra5sol in— Stones. Similar products have 1 

102 

been obtained by Losco and Passerlni by reaction of isonitriles ' 
with 2— pyrazolin—5-ones (Scheme 1,37). 
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Reaction of ?*-pyrazolin— b-ones in reported to occur with 
phosphorous oxychloride'^^'^ to give S-chloro-pyrazolGS (Schema 1*38). 
The oxygen of 2"pyra?,o.lin-”5-ones Is rej^laced by sulphur when 
reacted with phosphorous pentasulphlde^^^ at about 130-150^ 

(Scheme 1.39). 

105—109 

5-Jmino-2*-pyrazolines have been prepared by the 

GondensatJon of (^-ketonitri 3es, p—aldehydo nitriles, 3- Lmino 
nitrilos, a ,/3™unsaturated trltliiones and a ,3-acetylenJ c nitrj3es 
with hydrazines as shown in Scheme 1,40. 

The isoxazole ring system exhibits a characteristic 
chemical behaviour. Its stability toward agents capable of 
producing cleavage of the ring is extremely variable. The three 
positions (3,4 and 5) available for s^Jbstitution show very 
different Gharacteristlcs. The CH group in the 4“position is 
benzenoid in some respects. The halogens, nitro and sulpho groups 
can be introduced in this position by electrophilic substitution 
reactions. Clalsen demonstrated that b-monosubstituted isoxazoles 
are readily Isomerized at ordinary temperature by alkaline alko*- 
xides. cleavage of the nitrogen-oxygen linkage takes place and 
the sodium salts of the corresponding cyanoketonea are formed. 

110 

Nitration of 3,5-dimethyl— isoxazole is reported to 
occur smoothly on heating with mixed nitric acid and sulphuric 
acid at 100®, leading to 4-Nitro derivative in 86% yield, Phenyl- 
isoxazoles are nitrated in the para position of the phenyl nuclei 
(3cheme 1.41), 
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SulphOn.ition In isoxazoles also takes place of 4th position 

(Scheme 1.42). Isoxdiaoles apparently behave as nucleophiles jn 

their reactions with diphenyl-cyclopropenone, leading to the 

fomation of pyridones. In a case where 4th position was unsubsSti*- 
2 3 

tuted (R =H/ R =Me) / the substituent at 5th position was retained 
as a S—acetyl qroup in the product (Scheme X,<13), 

3 i 1 

Isoxazole nucleus is reported to undergo halogenation 
in the 4Lh position, when treated with GhlorineA>romine under 

thermal or photochemical reaction conditions (Scheme 1.44). 

112 ' 
Chloromethyldtion reaction, well known in the benzene series, 

has been extended to iaoxazoles. This reaction results in the 

i 

formation of 4-Ghioromothyi derivatives. To prove tho position 
of the chloromethyl group, these compounds were oxidized to the 
known iaoxazoie 4-carboxyl±c acid (Scheme 1.45). 

113 

Kochetkov and Khomutova have reported the mercuration 
of isoxazoles with mercuric acetate. The reaction occurs quite 
smoothly resulting in 90«-100% yield of 4-acetoxy-meraury derivati--* 
ves. These structuregwere proved by converting them to known 
4—bromo isoxazoles (Scheme X,46). Cleavage of the iaoxazole 
ring takes place by the action of reducing agents (Scheme 1 # 47 ) . ■ 
Acetyl acetone imine is obtained by reducing 3, 5'-Klimethyl*^isoxazole - 
with sodium in amyl alcohol or moist ether. ! 

The isoxazole ring is found to be stable to many oxidising i 

I 

115 

agents. in acidic media the ring is not cleaved* Heating isoxazol4 
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Scheme 1.43 
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Scheme 1.49 
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derivatives with aq\iC30us alkaline permAY\ganato leads to a comp3olo 
degradation of the hoterocycle. 

Bromination of N-“S\ibstituted tetrahydrocarbaKoles leads to 
the fomation of unstable 10, ll-dibromo derivatives which are 
easily hydrolysed to give the corresponding dihydroxy derivatives ^ 
(dcheme X.48)* 

Mononitration of tetrahydrocarbazole and its N- alkyl 

derivatives with concentrated nitric acid and sulphuric acid gives 

1 1 7 

the 6— Nitro--derivatives/ while the W— acyl derivatives nitrate 

1 18 

in the 7th position , Under suitable conditions the N-acyl 

totrahydro-oarbdzoles react in a quite different manner, the 

Li g 

nitric acid adding at the double bond of the reduced ring 
(Scheme X.49), 

Ring fission occurs on treatment with alkali, leading to 

the formation of 6-(c>-benzyl amino ben'i.oyi) valeric acid (Scheme 

1*50) , N"~phenyl derivatives behaivo like the N-benzoyl deri*" 

1 20 

vatives, on treatment of a glacial acetic acid solution of 

9‘-aGetyl tetrahydrocarbazole with fuming nitric acid, both 

substitution and addition take place leading to the formation 

1 21 

of 6'"Nitro-~10, ll-dihydroxy-g^acetyl-hexahydrocarbazolG (Scheme 
1 * 51 ) . 



Scheme !.50 
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i'ny ny^i'oqenation of totrahydrocarbassole qives predominantly 
the more stable cis form, (vide infra). 


H H 



As referred to earlier, CSI (the versatile heterocumuleno) 
is }<nown to undergo reactaons v7itli)C=^N compounds, to give addition 
products* Thus, azo-^methinos add 2 moles of G8I to give triaaine™ 
dione in high yields (Scheme 1*52), 

Under similar conditions pyraKOles, 2—pyra20lin’-'5“-ones and 
isoxazoles were also expected to give, with chlorosulphonyl 
isocyanate, either a Is 2 or 1:1 adduct us shown in Scheme 1*53* 

The reaction, however, took an entirely different course. 
Surprisingly there is no report in the literature about the 
activity of^Cap bond of pyraaoles, 2-pyrazoXin'*-5-one8 and isoxa- 
Koles, The>C=3M bond in the related systems, viz*, 2-pyraKOline 
and 5-"OxazoXones, however, have been shown to have a dipoiarophilic 
activity in its reaction with benzonitrile ( 193 ) oxide and CSl (183) 
respectively* ( vide Scheme 1.54), 
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^ ^ RKSULTS /\MD DI SCUSSION 

Reaction of 3 , 5- dimethyl— pyraaole (184a ) / 3- methyl- S-ethoxy- 
pyrazole ( 1 04 b) with C&I at 0*^, took place smoothly/ as shown In 
Scheme 1.55, Lone pair of electrons on nitrogen (at position— 2) 
attacks on electrophilic carbon centre of isocyanate moiety^ / 
giving rise to a zwitterion/ which gets stabilized by the migration 
of one proton from nitrogen otom at poaition-1/ prodvicing inter- 
mediates/ 3/ S-dimethyi-pyrazol— 1-N-chlorosulphonyl carboximide 
(igta) , 3-me thy 1-5-0 thoxy-pyrazol-l—N—chlorosulphonyl carboximide 
( i85 b} respectively. On alkaline hydrolysis ( 1 QS b ) yielded 3- 
methyl-S-ethoxy-pyrazol-l—N— carboximide ( 186b ) . 

On the basis of eiemental analysis; (185a) corresponded to 
the molecular formula, C^^HgN^ClOj.s, It gave molcouier ton peak at 
23 7 in the mass spectrum. It exhibited XR absorption bands at 
3115(v )/ 16g5(v ), 1150, a345(v ), indicating the presence 

Q Nn ^^2 

Of -C-NHS0p,Cl group. It displayed PHR signals at 6 2.13(3, 6H, 

CH3)/ 5.7(s, IH, cn), 14.0(b, IH, NH), exchangeable with D^O. It 

was identified as 3/5-dimebhyl pyrazol— 1— N-chlorosulphonyl 

carboximide ( 185 a) . On the basis of elemental analysis ( 185 b) 

corresponded to molecular formula Cf^H^QClN^Q^b. Mass spectrum 

showed a peak corresponding to m/e, 169(^1*^ -SO2CI) (Pig. 1.3), 

It displayed IR absorption maxima at 3290(v^), I700(v^_^) cm"^, 

lS95(t==N)/ 1150, 1340(VgQ ), showing the presence of -CONHSO^CI 

2 

group (Pig.I.D. 
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It was charaGtt;jrized as 3, S—dimethyl—pyrazol-l-M-sulphonamide 
(l§8a) . 


In the foregoing examples, the formation of the products, 

( 188 a) and ( 188 g) can be rationalized as follows, 

(Scheme 1*56), The lone pair of electrons on nitrogen atom at 
position-2 (pyrazole system) attacks on sulphur of the chlorosul- 
phonyl isocyanate, followed by the loss of one proton attached to 
nitrogen at positjon-l. 


Treatment of i™ [ 4— nitrophenyl ]-3"-met by 1-5-ethoxy pyrazole 

with CSl at 0^^, was completed -within 0,5 hr, yielding a compound 

which analysed for c^3H^3ClN^o^S. It gave molecular ion peak at 

388 in the mass spectrum. It showed IK absorption maxima at 

3210(^NH)/ 1700(^0=0) ,1170, 3350(v.._ ) cm"^. Indicating the presence of 
O ">02 

-C-NHSO2CI group. It displayed PMR signals at 6 8,1 (s, 4H, 
aromatic), 6,4 (b, IH, NH), exchangeable with D^O, 1.2 (t, SH/CH^), 
2.2 is, 3H), 4.1 (2H)C2H3. 


IC was identified as Nltro phenyl ]-3-methy l-S-ethoxy- 

pyrazol— 4-chIorosulphonyl'-cart>oximide ( 3 9Q d) . on alkaline 
hydrolysis 190 d yielded a compound which on the basis of elemental 
analysis corresponded to molecular formula °13»14V4- It gave 
molecular ion peak at 290 in the mass spectrum. It exhibited IR 
absorption bands at 3205, 3380(Vj^ ), 1680 showing the 
presence of carboximide group. It exhibited PMR signals at *5 2.2 
(s, 3H), 4.1 Cd, 2H)G2 Hj 3, 8,5 (s^ 4H/ aromatic), 6,2(b, 2H,3SfH2) , 
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exchangeable with ^^0/ 1*2 (t, 3H, CH^)^ was identified as 

j.«[4-,^itro phenyl ]-3“niethyl—5-*ethoxy pyrazol— 4-carboximide ( 19i d) , 

l“[4’-l<[itro phenyl J—3-methyl— 5— ethoxy pYra20l—4“-N—chlorosulphonaTnicle 

on treatment with DMF produced l-'[4— Nitro phenyl ]-3—methY l-S-^ethoxy- 

4-carbonitrilepyra55dle, Here the substitution takes place at the 

th 

most electron rich carbon centre of the pyrazole moiety i.e. 4 
position* 19 2 d analysed for basis of elemental 

analysis. It gave molecular ion peak at 272 in the mass spectrum. 

It exhibited IR absorption bands at 2135, 2330 (v^^^)^ cm ^ 

(Fig, 1, 7), It gave PMR signals at 1. 1-1.3 {q, 3H, CHg), 2.2 (s, 

3H), 4,12(q, 2H)C2H5, 7. 8-8. 3 (M, 4H, aromatic) (Pig, 1. 8). It 

was identified as l-[4-Nitro phenyl ]-3“methYl—5-ethoxy-‘4—carbo^ 
nitrile ( 192 d) , 

Treatment of l-phenyl-3— methyl— 5-hydro2ty pyrazole (1 84 e) 
with CSI afforded a compound which on the basis of elemental 
analysis, analysed for molecular formula j^N 302 , It gave 

molecular ion peak at 217, in the mass spectrum. It showed IR 
absorption bands at 1770 (v^^q), 3120, 3360 ( indicating the 

presence of urethane >c«0 group. It gave PMR signals at 67.4-8,4 
(M, 5H, aromatic + 2HNH) , 6.0 (e, 1H,CH) and was charaoterlzed 
as l-phenyl-3"^t^ethyl’"5-carbarnato pyrazole (,l g,.4e ) , l‘*[4-Nitro 
phenyl }-3-methyl- 5-hydroxy pyrazole < ie4 £) on treatment with CSI 
took place smoothly (Scheme 1.58), producing l"-[4-Mltro phenyl V3- 
,methyl-5-carbamato-pyrazole, which on the basis of elemental 
analysis corresponded to molecular formula It gave 
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molecular Ion x^oak ab 26? in the maas apeebrum* It showed IR 

absorption bands at 1770 (v ),3120/3360(v )cm ^/indicating the 

O ^^2 

presence of urebhane group. It showed PMR signals at 

7.1“8.4(M/ 4H/ aromatic -h 6.1 {a, IH, CH) / 1 5 (q^ 3H/ 

CHg). It was identified as i—[4— nitro-phenyl V3-methyl—5“Gdrbamato~. 
pyrazole ( 194 £) . 


1*[ 2/ 4--dinitro-phenYl }-3-me thy 1-6-hydroxy -pyrnaole ( 1 e4g) wi th 
CSI (Scheme 1.58) yielded a compound which on the basds of 
elemental analysis corresponded to molecular formula 
Maas spectrum showed a peak corresponding to m/e, 215 (M^“(W02)2) 
(Pig. I. 11) 


(Pig, 1,9). 


It exhibited IR absorption bands at 1750(V /,),3140 

indicating the presence of urethane group 


It gave PMR signals at 6 7.2-8.4 (M, 3H/ aromatic -i* 2!JNH)/ 
6.1 (a, 1,9*“2.5 (g, SH/CH^) (Pig. 1. 10). The compound was 

identified as l-[2,4-“dinitro“x*henyl]-3-methyi-5-carbamato-pyraiaole 
(i94g). 

Reaction of 1— [4*“Nitro--phenyl]-3--rnethyl-2"*pyrazolin-5-one 
( 195 k) , l-[2/ 4“’dinitro“phenyl]-3-methyl-“2-pyrazolinr-5-one ( 195 1) 
with CSI yielded l-"[4-Nitro-phenyl]-“3-methyl“ 2-pyrazolin— 5*^imlde 

( 198 k) , i‘"[2/ 4— dinitro-phenyl]-3-^ethyl 2-pyra2olin-5“imide 

as illustrated in Scheme 1. 59. Here the CSI underwent (2+2) 
cycloaddition to>CeO group of 2-pyra!Zolin“5“one. On the basis 
of elemental analysis ( 198. k) corresponded to molecular formula 


C^0^^10^4‘^2^ Molecular ion peak appeared at 218 in the mass 
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spectrum (Fig, I. 13). It exhibited IR absorption bands at 3300 

—1 

revealed the disappearance of>CniO group 
of 2“pyrazolin-"5“One {Fiq.I.12), It exhibited PMR signals at 

62.0 (s, 3H^ CH 3 ), 2.2 {B, 2V\, CH^), 7, 2-8. 2 (m, 4H, aromatic), 

11.0 (b/ IH, HH) exchangeable with ^ 2 ^^ identified as 

1— [4-Nitro phenyl ]“3-methyl*“ 2— pyraaolin-5-imide ( 198 k) . 

On the bavSLs of elemental analysis ( 198 1) corresponded to 
molecular formula gave molecular ion peak at 263 

in the mass spectrum. It displayed IR absorption bands at 3350 
NH^ signals at 6 7.8-9.1 (m, 3H/ 
aromatic)/ 2.1 (s, Mb CH3), 2.2 (3, 2H/ CH2), 11.0 (b, IH/ NH) 
exchangeable with DgO (Pig, 1. 14), It was identified as l-*-[2/4- 
dinitro phenyl j“-3“*methyl-2-pyreaKolin“5«imide ( 198 1) . 

Reaction of 3, S-dimethylisoxazole ( 199 m) and 4— phenyl-3— 
methyl— 5-ami nO“isoxaiaoie ( 202 n) with CSI took place smoothly 
producing 3, 5-dime thy l“i80xaKo3“4-sulphonamide ( 201 m) and 
5-[3"“methyl-4“-phenyl J-isoxaaoly 1-urea ( 2 04 n) respectively, as 
shown in Scheme I, 60-61, 

On the basis of elemental analysis ( .201 m) corresponded 
to molecular formula ^5^3^203^- Molecular ion peak appeared at 
176 in tne mass spectrum. It exhibited IR absorption bands 
located at 1595 3205, 3110 ), 1160, 1345 (Vgg ) cm~t 

indicating the presence of (SO2NH2) group. It displayed PMR 
signals at <S2.3(s, 3H, CH3 ), 2,6 (s, 3H, CH3 ), 6.2 (b, 2H, IMj) 
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exchangeable with ^ 2 ^* identified as 3^ 5-“dimethyl-isoxd?.ol-- 

4-sulphonamide ( 2Qlm ) . On the basts of elemental analysis ( 204 n) 
corresponded to the molecular formula It gave molecular 

ion peak at 217 in the mass spectrum. It showed IR absorption 
bands at 3340,3440 (v ) , 1720('V__^)cm~^ . It exhibited PMR signals 
at 8 2.2 (s/ 3H, CH^), 6,1 (b/ 2H, NH 2 ) exchangeable with 
7,25(s/ 5H, aromatic) (Fig, X. 15), It was identified as 5-[3"methyl— 
4-"phenyl}"lsoxaaoy 1-urea ( 204 n) • 

Reaction of 6-Nitro-l, 2,3,4— tetrahydro-carbaaole ( 205 o) , 

6, 8-dinitro-l, 2, 3y 4-tetrahydrocarbazole ( 205 p) with CSI at 0°, 
took place smoothly (Scheme 1*62), producing 6-Nitro-l, 2,3,4-tetra- 
hydro-carbazol“N-chlorosulphonyl"Carboximide ( 206 o) , 6, 8-dlnitro- 
1,2/3, 4— tetrahydro-carbazol— N— chlorosulphonyl-^carboximide ( 206p ) • 

The latter compound on hydrolysis, yielded 6, 8-dinitro—l, 2,3, 4— 
tetrahydrocarbazol“N-carboximide ( 207p ) , On the basis of 
elemental analysis ( 206 o) corresponded to molecular formula 

[ 

It gave molecular ion peak at 343 in the mass 

spectram. It displayed IR absorption maxima at 1720 (v^ ,.),3260(v ), 

3SIH 

1340 (V ) cm""^ , Indicating the presence of chlorosulphonyl— 

Q 

carboximlde group (“C-NHSO 2 CI) (Pig, I, 16), It showed PMR signals 
at 6 7.8*^0,5 (m, 3H, aromatic), 6,0 (b,, IH, KH) exchangeable with 
2.2 (s, SH/CH^)* It was identified as 6-llltro-l, 2,3,4-tetra- 
hydro-carbazol-N-chlorosulphonyl-carboximide ( 206 o) , 
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On the ba*us of elemental analysis { 207 p) corresponded bo 
molecular formula gave molecular ion peak at 304/ 

in the mass spectrum* It gave IR absorption bands at 3190/ 3340 
('^NH ^ presence of amide group (-§- NH 2 ) . 

It exhibited PMR signals at d 7. 5— 8,4 (iri/ 2H/ aromatic), 5.0 (b, 

2H, exchangeable with ^ 2 ®' identified 

as 6, 8-dinitro— 1, 2/ 3 , 4-tebrahYdr0Garba2Ol— k— carboximide ( 207p ) ^ 

It is interesting to note that the attempted reaction of 
CSX with l“*[4—Nitro— phenyl ]"*3/ 5-“dimethyl“pyrazole ( 184 h) / l“[2/4— 
dinitro-phenyl j-3, 5— dimetnyl— pyrazole ( 184 1) , l-[2, 4-dinitro- 
phenyl ]-3“methy 1-5-phenyl— pyrazole ( 184 .1) failed to yield any 
product. This observation can be rationalized as follows; the 
zwitterion formation in this case is not favoured, because of the 
absence of proton on nitrogen at position-2, 

TR: j^^^(neat)cm“^: 3200(v^_^)/ 1700 (C=0} , 1170, 1360(^302). 

1.4 EXPERIMENTAL 

All the melting points are uncorrected and were taken on 
a Pisher-Johns melting-point apparatus. The IR spectra were 
recorded on Perkin— Elmer model— 580 infrared spectrophotometers. 
Proton magnetic resonance (PMR) spectra were recorded on Varlan 
EM— 390(90 MHz) instrument. Chemical shifts are reported in parts 
per million down field from the internal reference TMS ( 6 ). 
-Multiplicity is indicated using the following abbreviations s 
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S (singlet), bs (broad singlet), d(doublet), t( triplet), q(quartet) 
and m(multiplet) , Mass spectra were recorded on a Jeol JMS-300D 
mass spectrometer at 70 eV, The elemental analyses were carried 
out in coleman automatic carbon, hydrogen and nitrogen analysers. 

Starting materials 

Chlorosulphonyl isocyanate was purchased from Fluka AG, 

Switzerland and was used as such. The pyrazoles, 2-pyrazolln-5- 

onea, 1, 2,3, 4— tetrahydrocarbazoles and isoxazoles were prepared 

in accordance with the procedure described in the literature. 

Pyrazoles were prepared by the action of hydrazine or 

substituted hydrazines on 5 , 3— diketones . The reaction proceeds 

via ring closure of the initially formed hydrazone. 2-pyrazolin- 

S-ones"^*^ were prepared by the condensation of ethylaceto- 

acetato, ethyl benzoyl acetate and their derivatives with 

various phenyl- hydra zones. The Initially formed phenyl-hydrazones 

were cyclized to give the corresponding S-pyrazolin^-S-ones. The 
126 

isoxazoles were prepared by treating 1,3-diketones with 
hydroxyl- amine-hydrochloride. The product of the reaction was a 
monoxime which on aubse< 5 uents cyclization yielded the corresponding 
isoxazole. 1, 2, 3, 4— tetrahydrocarbazoles were prepared by 

reaction of cyclo-tiexanone and its derivatives with various phenyl 
hydrazines. Phenyl-hydrazonesof cyclohexanone were cyclized. in 
presence of glacial acetic acid to furnish 1 , 2 , 3 , 4-tetrahydro- 
carbazoles. 
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Synthesis of 3/ 5-~DimethvlpvrazQl*-3.«^N— chloro&ulphonvl— carboximlde 

To a stirred solution of 3, 5— dimethyl pyraaole (0.01 mol) 
in dry dichloromethane (10 ml) was added dropwlse chlorosulphonyl 
isocyanate ( 0.01 mol) in dichloromethane (2 ml) during 10 min at 0 ° 
(ice'“bath) . The stirring was continued for 15 min., solvent was 
removed under reduced pressure. Residue obtained was recrystalli- 
zQd from toluene/pet ether, yielding 3, 5— dimethyl-pyrazol'-l-N— 
chlorosulphonyl-carboximide ( 185 a) yield: l,73g, (73%), m.p. 159—60°. 

Anal for Cg^HgCl]Sl 303 S : Calcd; C, 30.37; H, 3.37; N, 17.72% 

Found; C, 31.05; H, 4,12; N, 18.10% 

IR Spectrum (KBr) , 3115(Vj^^), 1695 (v^^q), 1150, 1345(VgQ ) 

-1 ^ 
cm . 

PMR Spectrum(DMSOdg) , 6 ppm: 2,13(s, 6 H, CH 3 ), 5.7 (s, IH, GH) , 

14.0(b, IH, NH), exchangeable with ^ 2 ^* 

Mass spectrum, m/e: 237(M'*'), 207, 138, 

3, 5-Dimethyl-pyrazol— 3-N-“Sulphonamide ( 188 a) 

To a stirred solution of 3, 5-dlmethyl-pyrazole (0.01 mol) 
in dry dichloromethane (10 ml), chlorosulphonyl-isocyanate ( 0.01 
mol) in dichloromethane (2 ml) was added dropwise during 10 min 
at 0°. The stirring was continued for 15 min and then solvent 
was removed in vapuo . The residue thus obtained was dissolved in 
acetone-^ater (4tl, 10 ml) and neutralized by the addition of 10% 
aqueous KOH, After stirring it for 0,5 hr it was diluted with 
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water (15 ml) and extracted with ethyl acetate (3x2 ml)* The 
combined organic extracts were dried (Na 2 S 0 ^) and solvent removed 
under diminished pressure. Recrystallization from aqueous ethanol 
furnished 3, B-dimethyl-pyrazol— Nf-sulphonamide ( 188 a) , Yield: 1 . 225g, 
(70%), 115-116'^* 

Anal for G 5 HgN 302 Si Calcd; C, 34.28; H, 5.14? N, 24.0% 

Found; C, 35,00; H, 4.68; N, 25.12% 

IR Speatrum(K}3r) V 3200, 3110 ( ), 1160, IBloCvg^ ) cm“^. 

2 2 

PMR Spectrum(DM80dg),6ppm: 2.2(s, 6 H, CH 3 CH 3 , 5.92 (s, IH, CH) , 

15 (b, 2H, ' exchangeable with D 20 . 

Mass spectrum, m/e: 95 (M'’"-S 02 NH 2 ) . 


Pyrazol~l-N*-sulphonamide( 188c) 

The preparation of the titled compound is similar to that 
described for the preparation of 3, 5— dlmethyl“pyrazol-i-N-sulphona-“ 
mide ( 186 c) • It was recrystallized from aqueous ethanol. Yield: 
0.882g, (60%), m.p. 127-128®. 


Anal for CjHgN^OjSi Calcd; C, 24.48; H, 3.40; N, 28.57% 

Found; C, 23.60; H, 4.26; N, 29,12% 

IR Spectrum(KBr) , V 3210, 3120 (v-„ ), 1165, 1330(v„,., ) cm"^. 

uiQ^ Wo 2 

PMR Spectrum (mS0dg),6ppm! 14(b, 2H, NH 2 ) , Ha: (d, J=7Ha) , 


Hb;(t, Hc!(d, J=7Hz) . 
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Mass spectrum, m/e: 147CM’^), 67(M'^'"y02NH2) . 

l-Methyl-S-ethoxy-pyraaol—i— N-chlorosulphonyl-carboximide ( 185b ) 

The preparation of the above compound is similar to that 
described for the preparation of 3 , S—dimethyl— pyrazol-l— N— chloro- 
sulphonyl-carboximide ( IBS a) . It was recrystallized from toluene/ 
pet ether, Yield; l,63g, {&!%), m,p. 125*-1?6°, 

Anal for C^H^QClKrjO_.^S s Galcd, C, 31,46; H, 3.74? N, 15.73% 

Found, C, 30,79? H, 4.12; N, 16.01% 

IR Spectrum(I<Br) , V ^^ 3 ^: 3290(vj^), 1700 (vq^q), 1150, 1340i;jlj,p^) Gm“\ 

PMR Spectrum(MD£50dg) , 6 ppm: 1,1-1. 2(q, 3H, CHg), 2.1(s, 3H) , 4.1 

(q, 2H, 14(b, IH, ^^H) , exchange-" 

able with 

Mass spectrum, m/e; 169 (M'^-^O^Cl) , 125 (M'^-OONHSO^Gl) . 

3-Methyl-5-ethoxy"pyrazol-*l--Isr-Garboximide ( 186 d) 

The above named compound was prepared in an analogous 
manner to that described under the preparation of 3,5-dimethyl-- 
pyrazol-l-N-sulphonamide. The desired compound in the pure form 
was isolated by recrystallization from ethanol. Yield; l,83g, 

(70»/o), m.p. 115-116°. 

Anal for Calcd, C, 49.70; H, 6.50; N, 24,85% 

Found, C, 48.86; H, 7.52; N, 25.1?/, 
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IR Spectrum (KBr):V32ao, 3340 CNH2), 1660 (C-0) , 1600 (Gaw) cm . 

PMR spectrum (DMSOd^) 6 ppm; 2.3 (s, 3H/ CHg), 1* 1-1 .3 Cq/ 3H, CH^ ) / 4, 0 

(q/ 2H, C2H5), 6.08 {s, 111, CH)/ 13,0 (b, 

2H, exchangeable with D2O. 

Mass spectrum, m/e: 169 (m'^). 

1- [ 4-Nitro-phenvl ]-3-methvl-5-ethoxv-pvrdgol-4-chlorosuXphonvl - 
carboximide (Jl 90 o ) 

^he preparation of the titled compound is similar to that 
described for the preparation of 3, S-dimethyl-pyrazol'-l-N-chloro- 
sulphonyl-carboximide. It was purified by recrystalllKation from 
toluene/pet ether, Yield; 2,33g, (6O/0), m.p. 117-170^, 

Anal for Cj_3H^3ClN^OgS : Calod, C, 40.20; H, 3.35; N, 14.43% 

Pound, C, 40.15; Hi 3,29; N, 14.44% 

IR Spectrum (KBR) 3210a3H), 1700(GaO), 1170, l350(SOo) 

max £1 

PMR Spectrum (Acetone d^) 6 ppm; 1.2 (t, 3H, CH3), 2,2 (s^ 3H)/ 

4,l(d, 2H)C2H5, 8*‘& (s, 4Hi aromatic), 

6.2 (b, IH, NH) . 

Maas spectrum, m/e: 388 (M'*') , 289 (M’*'-302C1) / 246, 200. 
l-[4'^Nltro-phenyl ]— 3-methyl**5-“ethoxy-pyraKol"-4-carboximlde ( 19.1 d) 


The preparation of the above compound is similar to that 
described for the preparation of 3, S-dimethyl-l-p-sulphonamide. 
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It was purified by recrystallization from ethanol. Yield :2.03g^ 
(7C)?4), m.p, 203-205^* 

Anal for Calcd, C/ 53.79; H, 4.82, Ny 19,31% 

Found, C, 53.78; H, 4,83; N, 19,3{y% 

V V «.1 

IR Spectrum (I® r) ^ r^ax ^ 3205, 3380 (NH 2 )/ 1680 (C=0) .cm . 

PMR Spectrum (Aceton d^) 6 ppm: 1,2 (t, 3H/ CH^), 2.2 (s, 38), 

4.1 (d, 2 H)C 2 Hg/ 8.5 (s, 4 h, aromatic), 

6.2 (b, 2 H, NH 2 )# exchangeable with 

Mass spectrum, m/e: 290 (M*^) , 246, 244, 123, 

1“[ 4-Nit ro*phenyl}*3-inethyl'-5-ethoxy-pyrazol-“4-carbonitrlle(j^9^d) 

To a stirred solution of l-[ 4-Nit ro-phenyl j-3-methyl-S- 
ethoxy-pyrazole (0.025 mol) in dry dichloromethane (8 ml) was 
added CSI (0.025 mol) in CH 2 GI 2 (2 ml) over a period of 5 min at 
0*^. Reaction mixture was stirred for 30 min. Dry DMF (0,05 mol) 
in dichloromethane (5 ml) was added dropwise. The stirring was 
continued for 2 hr and the reaction mixture was poured into ice- 
cold water (10 ml), and extracted with CH 2 C 1 ^ (10 ml x S), All 
the organic extracts were mixed and dried ( 832 ^ 0 ^) and the 
solvent stripped off under diminished pressure. The residue on 
recrystallization, from aqueous ethanol, furnished l-[4-Nitrc>- 
phenyl]-3-methyl“5-ethoxy-pyrazol-4- carbonitrile. Yield :1.768g, 
(65%), ra.p.l69-t70®. 
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Anal for • Calcd^ C/ 57,35; }\ 4.41; N/ 20.5954 

Found/ C, 56.94; H, 5.10; N, 21,12% 

IR Spectrum(KBr) , V 2135, 2330(v„ J, 1565(u,„) ctn~^. 

niaX U^JN O— In 

PMR Spectrum (Aceton dg) # 6 l.l-1.3(q, 3H, CH^)/ 2.20(s/ 3H) , 

4.12(q, 2H; C^H^) / 7, 8-8, 3 (m, 4H, 
aromatic) . 

Mass spectrum/ m/e: 272(M'^)/ 246(M’^^--CH) , 123. 

l--Phenyl“3-methyl-"5-'Garbamato-pyrazole ( 194 e) 

The titled compound was prepared as described for the 
preparation of l"[4-"nitropheny3 ]-3-methyl-2— pyrazolln*-5“'imide. 

It was purified by recrystalli^-ation from ethanol. Yield: 1.32g/ 
(60%)/ m.p. 189-190°. 

Anal for Calcdy C, 60,82; H/ 5.06; N/ 19-35% 

Found/ C/ 59.67; H/ 4.76; N/ 20-12% 

IR Spectrum ( KB r) , v : 1770 (v(^^q)/ 33 20/ 3360(Vj^ ) cm“^. 

2 

PMR Spectrum(CDCl3) , 6 ppm: 7.4“8.4(m, 5H, aromatic -h 2H/ NH), 

6-0(S/ IH/ CH)/ 1.9-2.8(q/ 3H/ CH3) . 

Mass spectrum/ m/e: 217(M'^)/ 140(M*^-C^Hg) / 140. 



l—[4-Nxtrophenyl j-B-methyl- 5—carbamato— pyrazole ( 194 £) 


The titled compound was prepared as described under the 
preparation o£ l-[4'~nitrophenyl ]— 3— methyl-2~pyrazolin-5—imide. 

It was purified by recrystallization from ethanol. Yield: l,57g7 
(eOVo)^ m.p. 151-152°. 

Anal for Calcd, C, 50.38; H, 3.81; N, 21.37% 

Pound, C, 50,95; H, 4.61; N, 20.10% 

IR opectrum(KBr) , / 3120, 3360(v^^ ) cm*^. 

2 

PMR Spectrum(CDCl 2 ) / 6 ppm: 7.1“8.4(m, 4H, aromatic + 2H, NH) , 

6,l(s, IH, CH), 1.9-2.5{q, 3H, CH^) . 

Mass spectrum, m/e: 262 (M^), 216 (m'^“N02) , 201. 

1— [ 2, 4'^Dinitrophenyl]-3— methyl“5--carbamato— pyrasole ( 194 q) 

The afor^entioned compound was prepared as described 
under the preparation of 3, S-dlmethyl—pyrazoI'-l-N-sulphonamide, 

It was purified by recrystallization from ethanol. Yields l,87g, 
(61%), oil. 

Anal for Calcd, C, 42.99; H, 2,93; N, 22.8Cr% 

Pound, C, 41.39; H, 3.32; N, 21.51% 

IR Spectrum(CHCl3), V ' 3140, 3360(Vj^ ) cm"^. 

2 

PMR SpectrumCCDGl^) / ppm: 7.2—8.4(m, 3H, aromatic t 2H/ NH), 




Mass spectrum^ m/e: 21S (m'*'-(N 02 ) 2 / 200. 

l“[4-lSlitro phenyl ]-“3"-methyl—5“imino-*2—pyra2iolin ( igB k) 

To a stirred solution of l—[4“*Nitro-phenyl3“3— methyl— 2— 
pyrazolin— 5™one ( 0*01 mol) in dry dichloromethane (10 ml) 
maintained at O^C/ CSX (0.01 mol) in dichloromethane (2 ml) was 
added dropwise over a period of 5 minutes. The reaction mixture 
was stirred for 15 min, followed by pouring it on to cold-water 
(10 ml) and extracted with ethyl acetate (3x2 ml). The aombined 
organic extracts were dried (isra2J30^) and solvent removed under 
reduced pressure. The residue on recrystalliaation from aqueous- 
ethanol furnished l-[4-Nitro-phenyl }-3-methyl-5-imino-2-pyrazoline. 

Yield: 1.39g,(62P/D), m.p. (lit. m.p. 97^), 

Anal for Calcd, C/ 55.04; H, 4.58; K, 25.68 /o 

POiind, C/ 55*00; 4.59; N/ 25,65% 

IR Spectrum (KBr)v^^^ : 3300, 3090 (Vl), 1610(^GaN) , 1500, 740, 720em"“^. 

rnax 

PMR Spectrum (Acetone^dg) 6 2.0(s, 3H, CH 3 ), 2.2 (s, 2 H 4 CHg), 

7,2“8.2 (m, 4 h, aromatic), 11.0 (b, IH, 

KH) exchangeable with D 2 O. 

Mass spectrum, m/e: 218(M'^), 217^ 172, 95. 
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l-[ 2 , 4“Dtnitrophenyl j“3--methyl-5-imino--2“pYraaoline ( 198 1) 

The preparation of the titled compound as analogous to 
the preparation of ( 198 k) • It was purified by recrystallization 
fjTom aqueous ethanol. Yieldi 2,23g, (85%)/ 128-129^, 


Anal for C^qH^N^O^i Calcd, 

c. 

45.62; H, 

3.42; 

N, 

26,61% 

Found, 

C, 

46.10; H, 

2.7b; 

N, 

25.84% 

IR 8peGtrum( KBr) , 3310(v 

max 

^), 1605(vc,„) 

cm 

-1 

• 


PMR Spectrum CCDCI3 ) / 7.8-9*l(m/ 3H/ aromatic)/ 2.1 (s, 3H, 

CH3)/ 2.2 (s/ 2H, CH^). 

Mass spectrum, m/e: 263 (M'*'), 262, 171, 94. 

3 , 5-Dimethyl-isoxazoi"4— suiphonamideC 20^m) 

The above named compound was prepared in a similar way as 
that described undf^r the preparation Oj. 3, S-'dirnGthyl-pyrazol—l-N- 
sulphonamide. It was purified by reorystallization from ethanol. 
Yield: 1.23g, (70“/») , m.p. 157-158°. 

Anal for C5HQN2O3S1 Calad, C, 34.09; H, 4.54; N, 15,90% 

Found, C, 35.46; H, 5.61; N, 16.10% 

IR Spectrum (KB r) , V , 3205, 3110{vj;U3 ), 1160, 1345 

(vgo^) cm 

PMH Spectrum(t)MSOdg) , 6 ppm: 2.3(s, 3H, CH3)/ 2,0(s, 3H, CH 3 ), 

6.2(b, 2H, NHg) f exchangeable with 
D^O. 
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Mass apectrurri/ m/e. 176(M'‘')| 96. 

1-4— phenyl j-isoxazolyl-urea ( 204 n) 

The titled compound was prepared in an similar fashion 
to that described for the preparation of ( 198 k) . It was purified 
by recrystallization from aqueous ethanol. Yield; 1.63g, {1S%) , 
m.p. 196-197^. 

Anal for Calcd, C, 60.83; II, 5.07; N, 19.35% 

Found, C, 59.90; H, C.43; N, 20.10% 

IR Spectrum(KDr) , 3340, 3440(vj^ ), 1720 (v^^q) 

2 

PMR Spectrum (DMSOdg) , 6 ppm; 2.1(s, 3H, CH^), 6.1 (b, 2H, NH 2 ) , 

exchangeable with 7.25 (s, 5H, 

aromatic) * 

Mass spectrum, m/e: 217 158, 

6-Nitro-l, 2, 3/ 4-tetrahvdro-oarbagol— N— Ghlorosulphonyl-^carboximide 
(2060) 

The preparation of the titled compound is similar to that 
described under the preparation of l-[4-nitrophenyl]-^3-methyl-2- 
pyrazolin-5-imide. It was purified by recrystallization from 
ethanol. Yield: 2.40g, (70%), m.p. 177-178°. 

Anal for 45.48; H, 3.49; N, 8.16% 

Pound, C, 46.01; H, 2.98; N, 9.12% 




IR Spectrum (l<Br)v 

max 


t 3260 (^NH), 1720 (v^^q), 1120, 1340 ), 

2 

850, 750, 650 cm*"’’- , 


PMR Spectrum (DMSOdg) 6 ppm: 7.8-8. 5 (m, 3H/ aromatic), 6,0 (b, 

IH, NH), 2.2 (s, 8H, CH^) . 

Mass spectrum, m/e: 343 244(M'^“S02G1) , 201. 


6,8-Dinitro -1, 2,3, 4-tetrahvdrocarbazol-N-carboximlde( 207p ) 

The preparation of the above compound was carried out in 
a manner described for the preparation of l-[4-Nitro-phenyl]-3- 
methyl-i-pyrazolin-S-lmide* It was purified by recrystallization 
from ethanol. Yield: 2.16g,(7i%)^ m.p, 144-145^, 

Anal for C^ 3 Hj_ 2 N 405 i Galcd, C, 51.31; H, 3.95; N, 18.42^ 

Found, C, 51.30; H, 3.65; M, 18.41% 

V 

IR Spectrum (l<Br)v : 3190, 3340 (NH^), 1635 (V^ .) , 750 cm \ 

max ^ C«o 

PMR Spectrum (OMSOd^) 6 ppm: 7. 5-8.4 (m, 2H, aromatic), 5.0 (b, 2H, 

NH 2 ) / exchangeable with bgO, 2.3 (s, SH/CUg) . 

Mass spectrum, m/e: 304(M'*)/ 260(M'^— §^NH 2 ) . 
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CHAPTER-”! I 


REACTION OF SULPHURYL CHLORI PE 
WITH SCHIFP'S BASES 


ABSTRACT 

The second chapter* deals with the modified Ritter reaction 
of sulphuryl chloride with various schiff's bases in acetonitrile^ 
benzonitrile^ dimethyl sulphoxide and ethyl cyanoacetate respectively. 
N-substituted amides are preparable by Ritter's reaction which 
consists in the interaction of an olefin with acetonitrile in 
presence of sulphuric acid. Since its discovery in 1948, the 
Ritter reaction has been extended to a wide varietv of compounds, 

I 

capable of generating carboniura ions, and thus it has emerged as 

2—4 

a very important synthetic reaction, chloroamination of olefins 
can be achieved by a "modified Ritter reaction" using sulphuryl 
chloride and acetonitrile (or benzonitrile) . This prompted us 
to investigate the reaction of this reagent with various Schiff's 
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Tho reaction of the following ycnif:^s bases with sulphuryl 
chloride (1:1/ in acetonitrile) have been studied, N-[£-Bromo- 
bensylidenej- aniline/ chloro— benzylldene]-^— chloro aniline/ 

N— [p-chloro benzylidene Janiline/ N— [benzylidene ]— p-chloro-aniline, 
N-[benzylidene ]aniline, ^-[benzylidene j-p-nitro-anilino/ N“-[£“ 
nitro-benzylidene ]-p-nitro-'aniline, N— [p— nitro-benzylidene]“m- 
nitro-aniline/ N—[ 2 -nibrO"benzylidene]- 0 "nltro-anillne/ N“[benzyli“ 
dene]-m-nitrO'-aniline/ N-[benzylidene]— o-nitro-aniline/ 
bromo*benzyliden6]-£-nitroaniline/ n-[ 3/ 4-dimethoxybenzylidene]- 
m-nitro-aniline, N-[3 / 4— dimethoxy-^benzylidene ]-aniline/ ^-[3/4- 
dimethoxy-benzylidene ]— p-chloro-anlline/ N— [^-methoxy-benzylidene ]- 
aniline/ N-[£-methoxy-benzylidene3-^chlorO“aniline/ 1^'“[3/ 4— 
dimethoxy-benzylidenej-p-methoxy^. aniline, and aldaaines (97a-'f) ♦ 

The above modified Ritter reaction was studied with the 
following schiff's bases, in the presence of so^Clg-i^MSO: N-[3/4“ 
dimethoxy-benzylidenej-aniline, N“-[3 ,4-dimethoxy*benzoylidene]-^-, 
chlox'o aniline, lN—[£-me bnoxy' benzylidene J—aniilne, N“*[£-methoxyv 
benzylidene]-£-ahloro^anillne/ N— [3, 4—dimethoxy- benzylidene]-^ 
me t hoxy- aniline. 

An analogous study has been made, involving the reaction 
of sulphuryl chloride— ethyl cyanoacetate with some of the Schiff's 
bases (y i,de _ in£ra ) , N— [benzylidene]— j^chloro-aniline, N-[benzyli- 
dene]-£-nitro-aniline/ N-[benzylidene3“m-nitro*-aniline/ ^-[p-nitro'- 
benzylidene j-m-nitro-aniline. 
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Likewise the interaction o? SO 2 C with the 
following Schiff’s bases have been investigated i H~-[benzYlidene /- 
aniline/ lS!"[ 2 -chloro benzylidenej-^-ohloro^ani line, N-[benzYli'” 
dene]-2""°^l‘^^‘^ aniline, 

a 

Dhar and Keshavamurthy have exploited the modified Ritter 
reaction (SO^Cl^— CH^CN/CgHj^GIsl) in the aynthesis of W-[2-chlorO“ 
alkyl ]— acetamides in good yields (60—72/^). 'T'he olefins used in 
this reaction include cyclohexane, 1-octene, t-undecene, t rans— 
stilbene and styrene. 

The plausible mechanism of the reaction is depicted in 
Scheme II. 1, 

Scheme 11, 1 

0 

\ /' 'I 

C=c + Cl-S-Cl 

^ !1 

0 

1 
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In synthehir organic chemifatry/ alkene amination occupies 
1 

an important position • A general method of achieving this 
trans-formation is due to Ritter, named after him as Ritter^ 
reaction. In the most general form the Ritter reaction involves 
the nucleophilic addition of nitrile to a carbonium ion generated 
in the presence of sulphuric acid. Subsequent dilution with 
water yields tne amide (Scneme 11,2). when HC^f is employed as 
the nitrile component, the resulting N— alkylformamide can be 
readily hydrolysed to the corresponding carbinamine,^ The 
mechanism suggested by Ritter and his coworkers is illustrated 
in Scheme II. 3 and is amply supported by the experimentaJ facts. 


R^-C“^ + R3C^ 


S cheme II. 2 
iUSO 


2 4 4 . 

- R 


H 2 O 


R 3 CNIICOR 


Scheme II. 3 


(CH 3 ) 




(CH3)3C-^ + H2SO4 


(^3)30''' t NrG“CH3 


(CH 3 ) -CH 3 


(CH3)3C"mC0CH3 

9 


H^O 


HSO 


4 


(CH3)3C-N=C-CH3 


8 SO 3 H 
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5^everci3 other acidS/ viz., sulphonlc acids, phosphoric 
acids and boron trifluoride, have been used in place of sulphuric 
acid, in the Ritter reaction. Besides alkenes, the reaction has 

5 

been extended to a variety of compounds, which serve as carbonium 
ion source and include alkanes, alkadienes, alicycDic and spiro- 
alcohols, alky] chlorides, glycols, aldehydes, ch loro hydrins, 
N-methylolamides, ethers, carboxylic acids, esters, ketones and 
ketoximes while the alternate source for nitrile component in 
these reactions is provided by cyanohydrins, cyanoacids and 
their corresponding esters. 

The addition of hydrogen cyanide and nitriles to alkenes 
has been studied by several investigators. There 

are, however, several reports of products resulting from rearrange- 
ment of the incipient carbonium ion. 

3-formamido— 2, 2, 3-trimethyl-norcdniphane was fonned by 
treating racemic camphene with hydrogen cyanide at 0-3 
(Scheme II, 4), Rearrangement also occurs with cc- pinene giving 
1/8-diformamido— g-menthane * • 

Scheme XI. 5 
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Haloalkenes of the type R 2 C=CHX react with nitriles to 
give N“[2“haloalkyl]am±des in good yields. The haloamides were 
easily dehydrohalogenated to give oxasolines. 


Scheme II. 6 


RR*C=:CHX 


R'‘CN 


H 


► RR’-O-CH^X 

+ I I 

NHCOR" 






R” 



Certain olefinic nitriles undergo unusual . intrartolecular 
Ritter reaction, for example, a-^cyclopentylidene butyronitrile 

*1 '7~»1 A 

on heating in presence of polyphosphoric acid produces 
hydrindene (Scheme 11,7). 


The use of primary, secondary and tertiary alcohols, 
alicyclic and spiro.-,alcohols, glycols, heterocyclic alcohols and 
halohydrines in the Ritter reaction has been investigated. 

The primary aliphatic alcohols do not react with nitriles, 

even at elevated temperatures, or on prolonged heating or with 

20~2 2 

investigators, - however, 


■iuming sulphuric 


acid 


19 


Other 
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SCHEME H.4 




Ill 


observed/ that primary aral]<yl alcohols and glycols condensed 
smoothly with nitriles under mild conditions to give N-~aral]cyl 
amides and N/ M- bis -aralkyl amides in good yields. 
dimethyl-benzyl ]acetamide was obtained from 2/ 4“-dimethyl-«benzyl 
alcohol and acetonitrile in 8?% yield. 

Scheme II. 8 



An exception to the reactivity of benzyl alcohols is shown 

by g-nitrobenzyl alcohol, which is inert to nitriles in concen** 

14 24 — si' 

trated sulphuric acid . Glil<mans ^ found that alcohols, in 
general, gave lower yields than the corresponding olefins and 
required the use of concentrated sulphuric acid. 

In a study of the reaction of substituted cycloalkanols 

it was observed that the yield decreased with the increasing 

25 

separation of the alcohol function and the substituent. 

Similarly, when the ring is further away from the alcohol 
as in the cyclohexyl propanols^ the yields decrease viz., ethyl 
cyclohexyl carbinol and l-cyclbhexyl- 2-propanol give l-n-propyl- 
cyclohexyl amine in yields of 40% and 5%, respectively. 



Scheme II. 9 



4—methylcyclohexanoI and l-cyclopentyl- 2-propanol rearrange 
involving three transitory carbonium ions in succession to give 
methyl cyclohexylamine and ethylcyclohexylamine in yields of 5% 
and 45% respectively {Scheme II. 10) . 

Extending their investigations to alicyclic and spiro- 

26—27 

alcohols/ christol and coworkers, found that most Ritter 

reactions were accompained by a Retropinacol rearrangements When 
spiro [4,5]-6-*decanol was subjected to the conditions of the 
Ritter reaction# ring expansion occurred and trans —9— aminodecalin 
was obtained. 
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CH3 



CH^-C-OH 

H 

24 b 


Q-ck. 



CH3 




25 
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Scheme 11*11 



28 

ponding alcohol (in the Ritter reaction) was reported by Magat. 

A carbonixim ion is initially generated by the abstraction of the 
halogen atom, and then the reaction proceeds as with alcohols. 
Formic acid as well as sulphuric acid could be employed as 
reaction media* 


Scheme II.12 

{CH^)^COl t ^ 

+ CgHgCK ^ (CH3)3CN«C'^CgH5 

While studying the course of the migrating group during 

29 3 2 

the Beclcnann rearrangement/ Hill and Conley discovered 

that cC—trisubstituted and a,a'-'tetrasubstituted oximes undergo 
an initial fragmentation to give an intermediate nitrile and a 
carbonium ion. The two fragments recombine in a Ritter reaction 
to form an amide* 
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CH3CN 
I , 

(^3)30'* 

vb 

(CH3) 3GNHCOCH3 

12 

Xn the case of a cyclia ketoxime, fragmentation yielded an 

30 3 5—34 

unsaturated nitrile wnich on recombination produced a lactam ' , 

Treatment of 1, 1'-dimethyl-^S-tetralone oxime with hot polyphosphoric 

acid resulted in the formation of 2-'a!2a- 1, l-dimethyl-S-benaosuber^’ 

3 

one in 24% yield (Scheme 11.14). 

The facile formation of carbonium ions from t-carboxylic 
acids and esters of t-alcohols in concentrated sulphuric acid 
suggested thexr utilisation as carbonium ion sources in the Ritter 
react j 

And/ indeed treatment of trimethyl acetic acid with hydrogen 

5 c 

cyanide in 100% sulphuric acid gave t— butyl amine in 68% yield , 
Ramp showed that ^j^(acetoxy methyl) alkylated benzenes could 
be used as carbonium ion sources. Bis (acetoxymethyl) durene 
condenses with dinitriles to yield polyamides (Scheme 11.15). 




SCHEME II 14 



SCHEME 11.15 


CH3C02CH2-^ ^CH20C0CH3 ♦NC-R-CN 

CH, 


■ * ■iMPii 1 1 

R « aryl or alky 


0 


0 

II 


yrSiSSSSSk 

CHfC yCHjNHC -ft-C-NH 
' i^3C CHj 


^2CH3CO 
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37 38 

The preparation of N-benzamide methyl acrylamide ' 

(yield 83%) has been acnieved by the Ritter action of N—methyloL 
benzamide and acrylonitrile. 

Scheme 11.16 


C^H5*OOMHGH20H + CH 2 -CHCIVJ ^ G^H5--C0NHCH2NHC0CH=CH2 

30 

Employing the Ritter reaction^ a number of heterocyclic 
systems have been synthesized. This reaction has been success- 
fully used in the preparation of oxazolines^^, pyrrolines^*^""^^, 

dibydropyrldines*^^"^^, A^-thiazolines^^""^^/ thiaainea^^""^®/ 

49 50 51—52 53 

isoquinolines , 2-quinolones ^ 2-pyridones , triazines , 

54—55 56 

azabicyclo alkanes , bis (heterQcvGlyl) alkanes and 

57 

oxazolones • 

The synthesis of oxazine from a diol containing both a 
tertiaryl and a secondary hydroxyl group is illustrated in bhe 
Scheme IX. 17, Treatment of 2-methyl-2, 4-pentanediol with 
acetonitrile gave the 1,3-oxazine in 44% yield (Scheme 11,18). 

Unsaturated tertiary alcohals are employed for the 

synthesis of spiroxazines (Scheme 11.18), Julia and 
39 

PapantoniONA/ prepared a series of /3 -chloroamides from methalloyl 
cnloride and various nitriles. The amides could be easily 
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: -CH2 CHOHCH3 

)H 

31 


H2SO4 




H3C "0 
32 




N 

li 

C-CH3 


© 

H20+(CH3)2 C-CH2-CHOHCH3 

0 

.... OSO3H 
CH3CN 


H3C, .CH3 
H2C N 


11 


CH3CH CCH3 
HO oio3H 


SCHEME 11.18 
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cvclized by either potassium ethoxide or silver fluoroborate to 
give oxazolanes* 


Scheme 11*19 


R-CHN CH2«C-CH2C1 


RC 


^NHC(CH.) 0 
CH^Cl 


N C(CHo) o 

// \ ' 
RC 


35 


2 

A stereospecific synthesis of a -thiazolines from 

43—4 5 

episulphides has been reported . The proposed mechanism for 
this reaction involves protonation of the episulphide, ring 
opening by the nucleophilic attack of the nitrile and ring 
closure to form the thiazoline {Scheme 11.20), 

The use of keto nitriles in the Ritter reaction provides a 

51—52 50 

direcrt route to 3,4-dihYdro-2-pyridones and 2-quinolones * 


Scheme 11.21 


GN 


H 



37 
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A new approach to the synthesis of polycyclic bases, utili- 
zing the Ritber reaction, was investigated by Meyers and 
54—55 

coworkers . Treatment of a ditertiary glycol with an 
chloro nitrile gave rise to an CO -chloroalky 1-1— pyrrol ine. 
Subsequent reduction and cyclization via intramolecular allcyla- 
tton yields the 1-azabicycloalkane (Scneme 11,22'), 

The treatment of benzilic acid and bensonitrile with 

concentrated sulphuric acid gave rise to 2, 4, 4- triphenYl-5- 

57 ’* 

oxazolone , involving the participation of 2CCOOH cation 

(Scheme 11.23), 

Eug&ter and coworkers employed 5-methyl and 5-phenyl- 

isoxazole in an unusual extension of the Ritter reaction. Under 
acid conditions these compounds behave as cyanoacetones and 
give the corresponding Ritter products. The reaction of 5-methyl— 
isoxazole with t"butyl alcohol yields N-t-butylaceto acetamide. 

bcheme 11,24 

GH -// N (CH3)3C0H > (CH3) 3CNHCOCH2COCH3 

^ ^0*^ 41 

With a, /3 “unsaturated ketones, the isoxazole forms 5,6- 

dihydro-2-pyridones (Scheme XI, 25). 
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A senes of 1— pyrrolines (yield 60-80%) were prepared by 
heating 1,4-cliols with various nitriles. Under the same 
conditions/ however, 2, 5-dimethyl-hexadiene gave the corresponding 
pyroline. As a consequence of a competing polymerisation/ 
replacement of the l/4-"diols ( vide supra ) by 1, 3-diol— 2, 4“'dimethyl- 
pentane- 2/ 4-diol permits the preparation of a variety of 5/6- 
dihydropyridines. The yields are consideraJ^ly lower ('^20’-^) 
because of the cleavage of the diol to acetone and isobutene, 

l^’rom the 1/3-diol and acetonitrile the N— t-butylacetamide 
was isolated in 50-55% yield. 

Scheme II . 26 

W « Mil w IW— I la $m i ■ m 


RCN/H^SO. 

(CH3) 2C — CH^-C (CH3) 2 ^ 


3^ / 3 
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CH3C ^ ,CR 


? 
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44 


Treatment of cc— (i—cyclopentenyl) —t— butyl alcohol with 
acetonitrile in sulphuric acid (concentrations above 93%) led 
to an azocarbonium ion that lost a proton to give 3, 4-cyalopenteno- 
5, 6“dihydropyridine^^’*"‘^^. 





- 125 - 


3 , rlj hydroisoqulnollnes^^ have oeen obtained by the 
reaction of methyleugenol with alkoxyaryl nitriles and of 
isosafrol or methylisoeugenol with a variety of nitriles. 
Veratronitrile and methyleugenol give l-(3',4'“dimethoxyphenyl)-” 
3~methyl— 6, 7— dimebhoxy— 3^ 4— dihydroisoquinoline in 53% yield 
(Scheme IT . 28) . 

58 

Cairns and his coworkers have demonstrated the formation 

of imidoyl chloride, produced in the reaction of chlorine with an 

olefin in the presence oF an alkyl/aryl nitrile, which undergoes 

smooth hydrolysis to yield N-‘[ 2-Ghloroalkyl] amide (Scheme II,29)« 

Haloalkylaminea were obtained when HCN was used as a nitrile 

59 

source, Theilacker has reported a comparable reaction, which 
involves the reaction of hypochlorous acid and cyclohexene in 
the presence of aqueous acetonitrile (solvent) (Scheme II. 30), - 


Scheme 11,29 


Cl 


R-CH=CH, 


R~CH-CH2C1 -I* Cl 


R-CHN 


R-CH(CH2G1)NHC0R 


H2O 


Cl 

R-CH(CH2C1)N«i^-R 


48 



-126- 


Likev/ise/ bromine has been found bo be useful for the 
generation of carbonium ion in the Ritter reaction, the bx-omonium 
ion thus produced, undergoes cleavage by the attack of the nitrile 
group in a stereospecific manner. The success of the reaction, 
however, depends upon the simultaneous removal of bromide ions 
present in the solution. (Scheme 11.31), 


S cheme 11.31 
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Amino selenation of olefins has been achieved by the 
reaction of phenyl selenyl chloride with olefins and acetonitrile, 
In the presence of an acid catalyst^^* 

It has been reported that carbon monoxide can successfully 
replace the nitrile in Ritter reaction (involving an olefin) with 
the formation of a carboxylic acid. This modified reaction is 
often referred to as Koch-Hoff reaation,^^' 
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At the outset/ it would be desirable to briefly review 
the various methods available for the synthesis of diasiridlnes, 
hydrazones, imidines and oxaziridines . 


D iaziridines 

N— substituted diaziridines are prepared by the reaction 
of chloramine with ketimines^ , The same diaziridine can 

6 3 

also be obtained by addition of Grignard reagents to diazirlnes* 

Scheme 11,32 


RN=CR^ ■} 


RMgx H 



63 

Schmitz and Habisch^ investigated the action of ahlora“ 
mine on simple schiff's bases. In the aliphatic series/ diaziri- 
dine formation was observed in all the cases investigated. 
Ethereal solutions of chloramine are reported to react with 
Schiff's baseS/ at room temperature/ within few hours, as shown 
in Scheme II,33 . 
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Scheme II..33 
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The reactions of chloramine are not generally successful 

with N-chloroalkylamines . Therefore^it was surprising that the 

diaziridine synthesis occurred smoothly from aliphatic i^chdff ' s 

66 

bases and N-chloroalkylamines. 

Scheme 11.34 


H-R" 

R-CH=N"R’ 4- R"-NHC1 3k RCH^ | 

^N-R‘ 
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Hydrazones 

Hydrazones are generally prepared from ketone or aldehydes 
and the appropriate hydrazine^ , 

S cheme II. 35 

R2C«0 + RNHNH 2 ^ RgC^NNHR + H 2 O 


55 
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Hydrazones have been prepared reductively from azines, with 
the use of sodium amalgam, and from ct-diazoketones^®”^*^ with the 
use of either phosphines or ammonium hydrosulphide, ( vide scheme 
11.36) . 


Scheme 11.36 


Na/Hg 


^ R2C=:N-NHCHR2 
56 
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*71 *7 

The addition of Grignard reagents to either azJnes 
or diazo compounds gives high yield of hydrazones, ( vide Scheme 
11.37) . 

Scheme 11,37 
t“BuMgx 

59 
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;^midines 

The amidines are prepared by the solvolysis of thio™ 

rl y* r/ R 

namides/ imidoyl ha] ides, sulphonatos, chlorophosphonate 

imidate"^*^ and thioimidate'^^ esters with ammonia or amines. A 
illustrative example is depicted in Scheme 11,38. 

Scneme 11,38 


R^NH + 


R'-C=N-R' 


X 


x=ci, Br, I 




ti-c 


NR' 


NR 


2 
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A more limited method in the addition of ammonia or am 

7 ff ^11 ,iV^ 

to nitriles, which is achieved by acid catalysis' ^ (heatin 
with ammonia and ammoaium salts under pressure) and base cata 
(sodium amide) 

Scheme 11.39 

NH.Cl,AlGl:. 

i 


> R"CCNH5)7Na‘^ 

NaNH2 
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77 

The pyrolysis of amides and of imldate esters, and the 

78 

base catalysed rearrangement of hydrazones , gave variable 
quantities of amidines. 

Alternatively, amidines can be prepared by the reaction of 
azoxy compound with Grignard reagent ( vide Scheme II .40) , 

Scheme 11.40 


+ 


-h EtMgl 

i- 


> 0-C 




N-0 


‘NH 
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Amidines have also been prepared by the cleavage of cc-. 

80a 

imino nitriles with amine salts , and the solvolysis of 
bromoacetylenes/ ortho esters or thio esters with amines®^*^ 
(vide Scheme 11.41). 


Ai>C 




NAr 


CM 


Scheme 11.43 
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t 


- -r 

0-Cr.c-Br + Buiv!H« -~r^^ 

2 2 


R-G(0Et)3 + R'NHj R-C, 


65 


NR' 


NHR' 
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Oxazlranes 


Oxaziranes are produced by the action of peracida on 
Schiff‘s bases as shown in (Scheme 11.42), 

Scheme 11,42 


R 0 

X H 

r=N-R" + CH.-COOH 


R /N-R" 

\ / 

\v 0 


0 

a 

I CH3“C0H 


R«Hy R’«H/R’‘»t“-Du 
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It is not always neaessary to use a preformed base. 

Alternatively a carbonyl compound and the amine are ta'ken together 

in an inert solvent, followed by the addition of per acid. The 

8 3 

synthesis of 2-cyclohexyl-“Oxazirane proceeded in 66% yield, 
from cyclohexylamine, formaldehyde and peracetic acid as shown 
in Scheme 11.43, 


R 


H 


r'l 




R 




R 


Scheme 11.43 
0 

RNH„ 

CH^O 



A further simplication in the reaction conditions is possible 
by the in situ generation of peracid by the aerial oxidation of an 
aldehyde ( vide infra ) . 
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Schercve II»44 


R-CH=:N-R ’ 




Compouncls containing two oxazirane rings are obtainable 

84 

from Schiff’s bases of glyoxal or terephthalic dialdehyde , 

A bifunctional oxazirane is obtained from ethylene-diamine and 

cyclohexanone (Scheme 11,45). 

@ 1 } 

Beiew and Person obtained an oxazirane by the reaction 
of ozone on isobutylidene terb -butylamine (Scheme 11,46). 
Oxazirane rings are also formed by the action of silver oxide on 
perhydro nitrogen heterocycles (Scheme 11,47). 

oc 

The l/4~addition of chlorine to Ketazines, in dichloro^ 
methane at -60^^ is shown by nmr# to proceed stereospecif Ically. 
Thus, symmetric ( syn , syn or^ anti , anti ) Ketazine isomers give 
meso“ a- a'-dichloro azoalkanes and unsymmetric ( eyn , anti) 
Ketazine isomers give the dl product (vide Scheme IX, 48 ) 4 
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ScVieme 11.48 
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Si 
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RESULTS AND DISCUSSION 

The reaction of Schiff's bases (Tga-c) with sulphuryl 
chloride in acetonitrile took place smoothly giving ri&e to corres*- 
ponding benzaldehyde-phenyl-hydrazones (g7a*-c) respectively ♦ 
Reaction of Schiff's bases (78d-tn) with sulphuryl chloride in 
acetonitrile yielded the corresponding N-phenyl-^benzimidines 
(85d-^) respectively* Here the chloronium ion^ formed by the 
addition of chlorine to the CwN double bond of a Schiff's base^ 
is attacked by the nitrile function, leading to the generation 
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SCHEME 11.49 
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of imidoyl ctiloride (80) (Scheme 11.49;/ which gets readily 
hydrolysed by adding waber to give the corresponding amine. 

The amine (^) leads to the formation of two products, viz . ^ 
N-phenyl'^benzimidines and phenylhydrazones , The latter compounds 
are formed via the corresponding diaziridine intermediates 
(Scheme 11.49). Reaction of Schiff's bases (J8n-r) with sulphuryl 
chloride in acetonitrile gave rise to the corresponding benza- 
nilides, as shown in Scheme I. 91. Apparently the nitrile function 
does not participate in the reaction. 

The same products, vis., benzanllides (950/p, a) were 
isolated, if acetonitrile is replaced by DMSO, in the above 
reaction. However, in the reaction of N-[3 , 4-dimethoxy-benzyli-" 
dene]-aniline with S 02 Gl 2 “bMS 0 , the corresponding oKaziridine 
derivative (91o) was obtained. The formation of the latter 
compound has been rationalised as depi'^ted in Scheme 11.50, and 
illustrates^ for the first time the participation of DMSO In the 
Ritter reaction. 

Reaction of Schiff's bases (78d-g) with sulphuryl cnloride 
in ethyl cyanoacetate also afforded the corresponding N-phenyl— 
benzimidines. Here the chloronium ion j^formed by the addition 
of chlorine to the C«N double bond of the Schiff's base_^ is 
attacked by the nitrile function of ethyl—cyano-acetate (scheme 
11.49)* This leads to the generation of imidoy 1-chloride Which 
gets readily hydrolysed to give the corresponding amine. The 
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SCHEME [1.51 



SO 2 CI 2 

"r 



^ P-> 
c -®' 


N 


9? 





1 I If 
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lat-ber compound 10£>6S a molecule of HC3, leading ■to bhe formation 
ot the corresponding N«phenylbenzimidines (ocheme 11.49). 

Alddzinos (97a"-f) on breatmcnt with SO2CI2-CH2CN gave rise 
to the corresponding a-chloroaldazines ( 98 a-f) as shown in 
.Scheme 11,53. 

Renction of H*“[benaylidene]"£“chloro-aniline (78e) with 
sulphurya chlorJde in ethyl-cyanoacetahe a3ao yielded the corres- 
ponding benzlmid chloride (g6e) as shown in Scheme 11.52, In both 
the cases, cibed above, nitrile function (vxz,, GH^CN and 
CNCH2C02fIt) apparently did not participate in the reaction (Scheme 
11,52 and XI, 53). (§2^'*^) known compounds. These were 

synthesized by employing modified Ritter reaction using SO2CI2"" 
CH^CN/CgH^CN and schlff's bases. These compounds were characteri- 
zed on tne basis of physical data, shown in the followxng table. 

On the basis of elemental analysis (85d) corresponded to 
molecular formula G^3H^^GlN2* It gave a peak at m/e, 215, in 

in the mass spectrum (Fig, II. 3), It showed IR absorption maxima 
at 3340, 3460(Vj^^j^) / 1620, 3590(v^^(^) (Fig. II. 1). It gave VMR 
signals at 6 5,0(s, IH, NH, exchangeable with D2O) , 6. 5-7. 7 (m, 

8H, aromatic t IH, KH) (Fig, II. 2), It was identified as g^d. 

On the basis of elemental analysis 96e corresponded to 
molecular formula G^3H^Cl2N. It gave a peak at m/e, 215, (M'^-Cl) 
(Fig. 11,9) in the mass spectrum. It exhibited IR absorption maxima. 
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TABLg-l 


compd. 

m*p.°C(lit. 

) i Mol. i 

} Formula | 

■ - * L 

M'^(70 eV)! iR(iCBr) 

! 

miR 

£-Bromo" 

benzadehyde 

-N-phenyl 

hydrozone 

170(170) 

'^13”ll®^^’2 

275,157, 

92,77 

1600 (C=N) 

4,9Cs, 1H,NH), 
6. 4-7. 4 (m, 

9H, aromatic 
+ 1H,CH) , 
olefinic 

£-Chloro 

benzal-" 

dehyde 

N-p'-chloro 

phenyl 

hydra zone 


Cl3«10Cl2«2 

264,122, 

126 

3350(V^) 

5.0(s,lH, 

NH) exchange- 
able with 

D 2 O, 6.5‘'-7.4 
aro- 
matic -!-1H,CH) 
olefinic 

Benzal- 

dehyde 

phenyl 

hydrazone 

159(161) 

C 13 H 12 N 2 

196,92, 

77 

3360(V^), 

4.8(b,1H,N?1) 
exchangeable 
with DoO, 
6.4-7.0(m, 
lOH, aromatic 
-h IH , CH) , 
olefinic 


1460,1260 ern 

"^.It gave PMR signal 

at 65*8-7. 

1 (m, SH, 


atomatic) . It waa identified as ^e. 


N-[ben 5 ;ylidene]“E*riitroaniline on treatinent with sulphnryl 
chloride in acetonitrile furnished, a compound which analysed 


for It gave molecular ion pea)c at 241/ in the mass 

spectrum^ It exhibited ,IR absorption bands at :3320, .3460(vj^) , 
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,0/ chspldyed PMR signals at 65 , ?(s, 1H,NH) , 

changeable with U^U, 6 , 6*-B.2(n\, 9 h, aromatic +1H/NH). It was 
intifiod as B b £ , 

^^'C 2 ’">^-'^^'^ 0 ’^Gnavlidene}-£i-nitro-aniline on treatment with 
,Cl 2 “CH 3 CN gave a compounci which analysed for 
d. forniula) 4 It gave molecular ion peak at 286, in the mass 
‘Ctruni. 

It dioplayed l\\ absorption bands at v 3310, 3470^H)^ 1615 
N) / showing the presence of two NH groups. The compound 
libitod ]^MR signals at o5.2 (b, 3H, Nw, exchangeable with D 2 O) , 
i-y*! (m, 811, aromoLic It was identified as ^g, 

N-[p-nitro-benKylidene}“m-nitro-.aniline with sulphuryl 
oride in acetonitrile furnished a compound which on the basis 
eiemontal analysis corresponded to molecular formula 
gave molecular ion peak at 286. It showed IR absorption 
:lma at v 3310, 3200(^111), 3620{^C:rN), It gave PMH signals at 
► 43 (s,lH,NFi) , 64 6 --G 4 2(m,8H, aromatic (■ IHNH) . It was identified 
85h. 

Treatment of N-fp-^nltro-benzylldeneJ-o-nitro-anlline with 
.phuryl chloride in acetonitrile gave rise to a compound which 
rresponded to molecular formula basis of 

mental analysis* It gave molecular ion peak at 286, in the 
IS Spectrum* It gave XR absorption maxima atv 3340, 3475 Ckh), 
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SO-jCl.^-CH^CN reacts with N—[g^— bromo-benzylidene J—^—nitro— 

anili-nsv resulting in the formation of 85m^ which on the basis 

of elemental analysis corresponded to molecular formula C.cH.rNoO. 

lb Id J 4 

It gave molecular ion peak at 301 in the mass spectrum. It gave 


IR absorption bands at 3325, 3480(v^^), I625(v^^^) cm It 
exhibited PMR signals at 64,9(b,lH, NH, exchangeable with D^O) , 
6,B—8.1 (m, 7 h, aromatic -h IH, NH) . It was identified as 85m, 


On the basis of elemental analysis. 9j^n corresponded to 
the molcscular fontula gave molecular ion peak at 

227 in the mass spectrum. IR spectrum revealed the absence of 
C=N bond (Fig*XI*5)* it gave PMR signals at 67-7, 9(m, 8H, 
aromatic t IH# CH) , it was identified as 91 n (Pig, II. 6), 


On the basis of elemental analysis it corresponded to 
molecular fo.rmula It gave a peak at m/e: 197 (M'*‘-{0CH3) 2 

in the mass spectrum, it exhibited IR absorption peak at 3 260 

1670(v^^^), 1595 Cv^__^^) cm**"^. It cave PMR signals at 63.9 
(s, 6 H, CH 3 ), 7. 2-7.8 (m, 8H, aromatic + IH, NH) . It was identi- 
fied as 95n. 


On the basis of elemental analysis 9^o corresponded to 
molecular formula ^i5H^^ClM03. It gave molecular ion peak at 
291 in the mass spectrum, it exhibited IR, absorption bands at 


3255(v_), 1675 (v^ _) (Fig. II. 7), showing the presence of 

Q Nrl ' 

-G-NH group. It gave PMR signals at . 63,9(d, 6H, CH3 ) , : 6.8-7.5 
(m, 7H, aromatic t 1H> NH) (Fig,II.,8);v: ;3:t was identified as 95o. 
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On the basis of elemental analysis 9 Bp corresponded to 
molecular fomula ^3 4^*3 gave molecular ion peak at 

227 in the mass spectrum, it exhibited IR absorption maxima at 
3250 (Vj^jP ^ displayed PMR signals 

at 66-7,1 (m, 911, aromatic -t- IH, NH) , 3.9(d, 3H, OCH 3 ) , It was 
identified as 9Sp, 

On the basis ot elemental analysis 95q corresponded to 
molecular formula gave molecular ion peak at 

261, It gave IR absor^ition maxima at 3250(vj^) ^ 1670 (v^__^), 1590, 
cnf^. Xt exhibited PMR signals at 6 3,9 (d, 3H, OGH 3 ) , 
6,S“7.4(m, BH, airoimtic -l- IH, exchangeable with .O 2 O* It was 

identified as 9Bq, 


On the basis of elemental analysis 9^r corresponded to 


molecular formula 17»04- 


It gave molecular ion peak at 287. 


It exhibited IR absorptions at 3250{v j^) / . 1670 (v^_q) , 1590, 1510 
cm*"^. It gave PMR signals at 6 6“7,l(m, 7H, aromatic + IH, NIH) , 


exchangeable with D 2 O, It was identified as 95r, 


The elemental analysis of .98a indicates its molecular 


fonnula as molecular . ion peak at 242, The 

compound displayed IR absorption bands /at 1610, 1580 cm*^. 

It exhibited PMR signals at 6 7.2-8,6(m,10H, aromatic f IH^ CH, 
olefinic) . The compound was identified as 


On the basis of elemental' analysis ,9^b corresponded to 
molecular formula c^qH 2 qC 1 N 204 .. It gave . molecular ion ; peak at 3 63 







INTENSITY 



FIG. 11.9 MASS SPECTRUM OF 96c 



- 158 ' 


in the mass spectrum. It showed IR absorption bands at 1600/ 

—1 

1620 cm , It exhibited PMR signals at 66. 9-8. 4 (m^ 6H, 

aromatic t lib CH, olef inic) / 3.8(m, 12H, OCH^) , It was identi- 
fied as 9Bb, 

On the basis of elemental analysis 98c corresponded to 
molecular formula qCI^N^. It gave molecular ion peak at 310 
in the mass spectrum. It gave IR absorption maxima at 1600, 1595 
(Vc„jj) cm”^. It displayed PMR signals at 67,5-8, 2(m, 8H, aromatic 
+ IH, GH; olofinic) , It was identified as 98g, 

On the basis of elemental analysis 98d corresponded to, 
molecular formula Cj^^HgClN^O^, it gave molecular ion peak at 332, 
in the mass spectrum. It gave IR absorption maxima at 1595, 1610 
It gave PMR signals at 66,9-8.4(m, 8H, aromatic + 

IH, CH, olefinic) . It was identified as 98d. 

On the basis of elemental analysis 9ge corresponded to . 
molecular foriTiula it gave molecular ion peak at 

400, in the mass spectrum (Fig. II. 12). it exhibited IR absorption 
maxima at 1605, 1590(v_ „) cm""^ (Flg.II.lO). It gave PMR, signals 
at 6 7.4-B.25(m, 8H, aromatic + IH, CH, olefinic) (Fig. II. 11). It 
was identified as 98e, 

On the basis of elemental analysis 98f corresponded to 
molecular formula Cj^gH^5ClN202- It gave molecular ion peak at 

—1 

302. it exhibited IK absorption -maxima at 1595, 1610(v^^j^) cm . 

It gave PMR signals at 6 6.9~8.4,(m, SH,' aromatic 4, IH, CH, olefinic) 
3.8 (rrt, 6H, OCHj) . , :it,wasvidept;l;fiea-,as'::98;f-j 
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experiment AT. 

,<1 adiBiii'inii 11 iiiii III III! > "HI *■' 

All the! moltlnc^ points are uncorrected and were taken on 
a EishGi>John6 melting point apparatus. The IR spectra were 
recorded on Perkin— Elmer model— 580 infrared spectrophotometers. 
Proton mannetic resonance (PMR) snectra were recorded on Varian 
EM—390 (90 MHz) instrument. Chemical shifts are reported in 
parts per million down field from the internal reference TMS(6). 
Multiplicity is indicated using the following abbreviations; 
s(singlet)/ bs(broad singlet), d(doublet), t(triplet) , q(quartet} 
and i:n(multiplet) . Mass spectra were recorded on a Jeol“300D 
mass spectromoter at 70 eV. 

$ ta rt lug m a t e f i a 1 a 

Freshly distilled sulphuryl chloride (Riedal) and dry 
acetonitrile, ben^onitrile, dimethyl sulphoxide, ethyl cyano- 
acetate and dichloromethane were used. All the Schiff's bases 
used in the experiments were prepared according to the methods 
described elsewhere (vide-infra) . 

N"[benylidene]-aniline, N-fe-b^rcnivobenaylideneJ-aniline, 

N-[2“GhlorO“benzylidene]-2*"Chloro-aniline, N-[£-chloro-benzyli- 
dene]“aniline, N'^[benzylidene]*- 2 ""dhloro-raniline, N-[£-bromo-- 
; benzylidene]-«£*"chloro*aniline, lsi-[benaylidene]- 2 -nitro-aniline, 

it ro-benzylidene ]-*•£— nitrb-aniline, N“-[£“nitro-,benzylidene }- 
m-nitro-aniline, N--[£-nitro-benaylidene]-" 0 -nltro-aniline, 
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N— [benKyl.ldene ] o—nitro -aniline/ N"*[ben 2 ylidene}— m— nitro-^aniline/ 

]“l]i'^ni‘tro«anillne/ N— [3, 4— dimethoxy-benzyli— 
dene]-m-nitro-anilinO/ N-[i3-methoxY-benzylidene]aniline/ N-[£- 
methoxy-benviylidene]" 2 -chloro-aniline, N-[3/ 4-dimethoxy-benzyli- 
dene]-aniline, N"[ 3, 4 "-dimethoxy-ben 2 ylidene]-£-methoxy -aniline, 

K-[3 , 4“dimethoxy-benzylidene ]- 2 "'^*^l°^ 0 "aniline* 

Preparation o£ Henznmidinea (94d"m) 

General procedure: Sulphuryl chloride (0.18 ml, 0.005 mol) in dry 
CH 3 CN/C(.Hj 3 CH/C^tCH 2 C 02 Et*CH^Cl 2 (5 ml) was added dropwise over a 
period ot 5 minutes to a magnetically stirred solution of Schiff's 
base 78d (0,005 mol) in GH 3 CN/CgH 5 CN/CNCH 2 C 02 Et-CH 2 Cl 2 (10 ml) 
at 0°, After the expiry of ten minutes, the mixture was diluted 
with water, stirred at room temperature for additional twenty 
minutes and extracted with dichloromethane (3x2 ml) . The organic 
layer wan washed with water, dried (^^ 32 ^ 0 ^-) and the solvent was 
evaporated off, The residue obtained was purified by crystalli- 
zation from ethanol and furnished 94d, 

Note : The modified Ritter reaction can be used to prepare a 
variety of compounds (noted below) by employing the following 
reactants (shown in parenthesis). Thus benzanllides, 2^n~-r 
(DMS 0 ‘CH 2 Cl 2 ), ct -chXoro-alda.zine, 9ga-f (CH 3 CN),, oxaziridine, 91ri 
(mS 0 -CH 2 Cl 2 ) , N-phenyl-benzamid-chlorlde,: 96e, (CNCH 2 C 02 Et-CH 2 Cl 2 ) 
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and benzaldehyde-phonYl-hydrassone, 87a“a (CH 
preparable by the above method. 


Synthesis of B7a; 

Yield (,9760), 71%, m.p, 169-170^, Clit,17o'^ 
Anal tor Calcd, C, 56.72; H, 4, 

Found, C, 56.69; H, 3. 
XR Spectrum ^ i600{v^_^ 

PMR Spectrum (msOd^) :64.9(5, IH, NH) , 6,4-7 

olefinic) , 

Mass spectrum, m/es 275(M‘*'), 260, 184, 183, 


Synthesis of 87b t 

Yield: 0.854q, (65%),m.p. 112-113°, 

Anal for Cj^ 3 HgCl 2 M 2 * Calcd, C, 59.32; H, 3 

Pound, C, 59.30; H, 3 

lU Spectium (I^r),v^gj^s 3^50(Vj^j,j) > 1595(v^^ 

620 (ctn~^) . 

PMR Spectrum (EMSOdg) ! 65.0 (s, IH, NH), 6.5-7. 

lH,CH,olefinic) 1 


Mass spectrum, m/es . 263(M'^)., 250, 126, 


112 . 


3 CN/C^H 5 CM) are 

00; N, 10.18% 

98; N, 10.00% 

^), 1200,1040,740,620 

.4(m, 9H, aromatic 

156, 92, 77. 


.42; N, 10,65% 

.40; N, 10.59% 

^), 1195, 1030, 740, 

4(m, 8H, aromatic 4* 



Synthesis Qlpi 


yield: 0.695g, (71%), m.p. 157-158°, (lit. 160°). 

Anal tor Calod, C, 79.59; H, 6.12; N, I4.2ffi4 

Pound, G, 80.51; H, 7.76; N, 13.42% 

IR Spectrum(l<Br) 3360(vj^), 1590{v^_^jj) , 1190,1030,740,620 cm“\ 

PMR Spectrum (TOSOdg) , 6 ppm: 6.4-7.0(m, lOH, aromatic + IH, CH, 

oleflnlc) , 

Mass spectrum, m/et 139, 92. 

Synthesis of GSd*. 

yield: 0,741g, (65%), m.p. 115-116°. 

Anal for Gj^jHj^^ClNj: Calcd, C, 67.82; H, 4.78; N, 12.17% 

Pound, C, 68.76; H, 3.61; N, 13.56% 

IH apeatrum(KSr) , V 3360, 3480(Vj^), 1615, 1590(vg,^„), 1470, 

1320, 1110, 840, 750 cm~^. 

PMR Sp©cti:ura(jDM.90d(.) , <) ppmi 5.0<3, IH, NH) / 6,5“7,7(m, 9H, aromatic 

+ IH, NH)/ exchangeable with DgO. 

Mass spectrum, m/et 215(M'^‘“NH) , 127, 111, 92, 77, 

Synthesis of 96e: 

Yield; 0.813g, (65%), m.p. 219-220°. 

Alai for c, 62.15; H, 3.60; N, 5.60% 

pound, 0, 61.56; H, 4.42; N,; 6.21% ; 
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IR Spectrum(KfU-) , V 1600(v^_j^), 1460, 1260^ .1010, 820, 690,620 

PMR SpeGtrum(DM£jOcl^^) , 6ppm: 5.8-7*l(n», 9H, aromatic). 

Mass spectrum, m/e; 215(M'^-Gl), 112, 77. 

Synthesis of 

YleldiO.VBSqj (6K4) ,m.p. 112-113°, 

Anal, for Calcd, C, 64.73; H, 4.56; N, 17,42‘/o 

Found, C, 64.69; H, 4,48; N, 11 .31% 

IR Wpectrum(KBr) , V 3320, 3460(Vj^), 1620, ^1590(v^^j^,) , 1470, 

1300, 1110, 840, 750crn~^. 

PMR 3peatrum{ClX;l2) y 6ppm: 5.2(s, IH, exchangeable with D2O, 

6.6-8.2(m, 8H, aromatic tlH/NH) , 

Mass spectrum, m/^t 241(M**'), 138, 123, 77, 

Synthesis of BSq ; 

yieldi0.972g, . (68%},rn.p. 194-195°. 

Anal for Cj^jUj^qN^O^s Calcd, C, 54.54; H, 3.49; N, 19.5854 

Found, C, 54.47; H, 3.39; M, 19.4?/, 

IR Spectrum(KBr), V 3310, 3470(Vj^), 3085, 1615(v^^j,), 1480, 

1330, 1140, 890, 730, cin"^. 

PMR Spectrum(CDCl3) , 6 ppms 5.2(b, IH, NH, exchangeable with D2O) , 

6*5-8,.l(m/ 8H, aromatic + IHNH) . 

Mass apectrum, m/e; 286 (M"^) , 164^ 13?/- 1 
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synthesis of B*3h; 

Yield; 0,915g, (64%), ni,p, 196“197°, 

Anal C, S4,54; H, 3.49; N, 19.58% 

Found, C, 55.65; H, 4.12; N, 20,02% 

IR Spectrum (KB r), 3310, 3200(vj^). 1620(v^„^) cm”^. 

PMR SpectrvinUCDCl^) , 6 ppm; 5.3 (q,, ih, m, exchangeable with r^^Q) , 

6,6-8. 2 (m, 8H, aromatic + IH, NH) ^ 

Mass apectrum, m/e: 286(M'*’) , 137, 123, 77. 


Syntheslv^ of 851: 

Yield! 0.900g, (62%), m.p. 105~106°. 

Anal for calcd, C, 54.54; H, 3,49; N, 19.68% 

Found, C, 53,68; H, 4.64; N, 20.51% 

■TR Spectrum (!a3r),v 3340, 3475(vj^), 1615( , . 1200, 875, 

830 cm"^. 


PMR spectrum( Aceton dg) , 6 ppnu 5,l(s, IH, NH, exchangeable with 

DgO), 6.3-8,0(m, 8H, aromatic + 
NH), 

Mass spectrum, m/e: 286(M‘*‘), 164, 137, 123, 77, 


Synthesis of 65 .1 : 
yleld!0,807g, (67%), m.p. 88-89®, 


Anal for 


Calcd, C, 64.73; H, 4.56; N, 17,42% 
Found, C, 63.68; H, 5.21; N, 18.58% 
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IR Spectrum(rar). 3340, 3480(V^}, 1610(v^^^), 1480, 1320, 

1140, 890, 740 cm"\ 

PMR Spectrum ( dGOtone , 6 ppm: 5*0(s,lH, NH, exchangeable with 

D 2 O) , 6,1— 8.4(n:i, 9H, aromatic + 
IH,, NH) , 

Maas spectrum, rn/o: 241(M‘‘'), 123 , 119, 77. 


Synthesis o:f; BBk: 


Yields 0. 03 lij, ( 69%^, m.p. 95-96°. 

Anal J:or C^ 3 Hj.,N 302 S Calcd, C, 64,73; H, 4.56; N, 17.42% 

Found, C, 64,68; H, 4. SO; N, 17.40% 


IK Spectrum ( KB r) , v 


max' 1205, 880, 

830 


I'MK Spectrum(ClX;,‘L>'^) , ppm: 5.1(s, IH, NH) , exchangeable with D^O, 

6*2-8, 5(m, 9H, aromatic -flH/'NH) . 

Maas spectrum, m/e: 241(M‘’"), 123, 119, 77. 


Synthesis o£ 851: 


0 


12?^ N, 13.12% 


Yield:0,960cj, (60%),m.p. 155-156 

^^nal for 48.75; H, 3. 

pound, C,; 48.69; H, 3.01;; N, 13.10%,, 

IR Spectrum(KBr) , V ^ ! 3,325, 3480(V^.j^j) , 1625(V^^^^) , 1480, 1330 cm 



169- 


PMR Spectrum ) , 6 ppm: 4.9(d, IH, nh, exchangeable with D2O) , 

6,6-B,2(m, 8H, aromatic +1H,1SJH). 

Hass spectrum, in/e: 320(M'^), 240(M'''-Br) , 198, 137, 123, 77. 
Synthesis of Bjim: 

yield!0.977ci, (6!:)%), m.p. 175-176°. 

Anal i'or : Calcd, C, 59,80; H, 4.98; M, 13,95'A 

Found, C, 59.75; H, 4.96; N, 13.9CK4 

IR SpeGtrum(l<Br) , 3325, 3400(Vjjj,) , 1625(v^^jj), 1480, 1330, 

1305, 1110, 895, 840 cm”^. 

PMR Spectrum (acetone , 6 ppm: 4..9(b, IH, WH, exchangeable with 

I92O) , 6.8—8. l(m, 7H, aromatic, t 
IH, my, 3,8(s, 6H, OCH3). 

Mass spectrum, m/et 301 (M''*), 179, 137, 123, 77. 

Synthesis of 9gn : 

Yield; 0.829g 64^^ m.p. 141-142^. 

Anal for Calcd, C, 69.50; H, 5.80; N, 5,40% 

Found, C, 70.00; H, 5.78; N, 5.39% 

XR 8pectrum(I<Br) , V 3260Cv^)/ 1670 (v^_q). 1595, 1510, 1275, 

.1220, 1050,870, 610 cm~^. 



’ 170 . 


PMU Spectrum (rnso , 6 ppm: 3.9(s,6H, OCH3), 7.2-7.a(m, SH, 

aromatic -s-SH, NH) , 

Mass specti-um, m/e: 197 (m'''"-(ocH3) 138/ 107, 92, 77* 

Synthesis of 9 In : 

yields 0. 79 'ig , (70/.), m.p, 81-82'’. 

Anal for Calcd, c, 74.00; H, 5.72; N, 6.16% 

Found, C, 73.98; H, 5.69; N, 6.15% 

IR tipectru)n(KHr) , V 1500, 1270 cm“^, 

PMR Spectrum(msO , 6 ppmiV.M.S (m, 8H, aromatic tlH/CH, 

oleflnic) • 

Mass spectrum, m/e: ?.27(M'''), 165, 93, 77. 

Synthesis o,€ 95 o: 

Yield: 0.946, ( 65%), m.p. 124-125°. 

Anal for Cj^gHj^^ClNOg : Calod, C, 61,85; H, 4.8.1; N, 4.81% 

pound, C, 61,75; H, 4.78; N, 4,80% 

IR SpectnomCKBr) , V 3255(Vj^^^), 1675 (v^^q), 1595, 1510, 1270, 

870, 740 CM“t 

PMR .i:pectrutn(GDCl3) / 6 ppmi 3,9(d^ 6H/OGH3) / 6.8-7,5(m, 7H, 

aromatic +1H/NH). • 

Masa spectrum, m/e j 291 137, 112, 92^ 77* 
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synthesis of 95p ; 

Yield :0-726g, (64%),m.p. 148-149^. 

Anal for Calcd, C, 74.00; H, 5.72; N, 6. 

Pound, C, 73.98/ H, 5.61; N, 6 

IR Spectrum(KBr) , 3250(Vj^^^), 1670(v^_^^), 1590, 

875, 740 cm"'^ 

PMR Spectrum (DMSO d^) , 6 ppm: 4.0(m, 9H, OCH^) , 6-7.: 

aromatic -I•1H,NH). 

Mass spectrum/ m/e: 227{M‘''). 

Synthesis of 95q: 

Yield :0,848g, (65%)/m.p, ISS-ISS*^. 

Anal for 64,36; H, 4.60; N, 

Found, C, 64.29; H, 4,57; KT, 

IR Spectrum(I<Br) , V 3250CVj^), 1670 (v^^_q), 1590 

87 5, 740 cm“^. 

PMR Spectrum (acetone d^) , 6ppm: 3,9(d, 3H/ OGHg) / 6 

aromatic +1H/ KfH) . 

Mass spectrum, m/e: 261(M'^)/ 230/ 150, 127, 112, 77 
Synthesis of 95r: 

Yieldj0,904g, ,(63%),m.p, 112-113^, : ■ 


16 % 

18 % 

1510, 1270, 

(m, 9H, 


5 . 36 % ; 

5,30% 

1510, 1270, 

8-7, 4 (m, 8H, 
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Anal for ^NO^: Calca, C, 66.89; H, 5.92; N, 4,87% 

Found, C, 66.71; h, 5.64; N, 4.80?4 

IR Spectrum(I<Br) , V 3250(Vj^^), 1670(Vj^^q), 1590, 1510, 1270, 

870, 735 cm~^. 

PMR Spectrum (DMSO d^) , 6ppm: 3. 9-4.1 (m, 9H, OCHj) , 6-7. Km, 7H, 

aromatic IH, NH), 

Mana apectrum, m/e-, 287 (M"*'), 138, 122, 77. 

Syntheaia of 98a i 

Yield :0,B47g, (70%), m.p. 110-111°. 

Anal for jClK'j: Calcd, C, 69.42; H, 4.54; N, 11,57“% 

Pound, C, 69.40; H, 5.35; N, 11.48% 

IR Spectrum(l<Br) , V 1610, 1580(v^_l^,) , 1450, 1205, 910, 760, 

690, 600 cm"^. 

PMR Spectrum (acetone d^) , 6 ppmj 7,2“8.6(m, lOH, aromatic 1H,CH) , 
Mass spectrum/ m/ei 24 2 (m'^‘), 173, 


Synthesis of 98bs 

Yield: 1.3 69, (75%),m.p, 189 - 190 °. 
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Synthesis of 90e ; 

yield: 1.42g, (71%), m.p. 160-161°. 

Anal for Cj^^HgClBr2N2: Calcd, C, 42.00; H, 2.25; N, 7.00% 

Found, C, 42.96; H, 3.89; N, 8.024 

IR Spectrum (KB r) , V 1605, 1590(v2_jj), 1455, 1205, 760, 

695 cm~^. 

PMR SpeGtrum(DMSOdg) , 6 ppm: 7.4-8. 2S(m, 8H, aromatic + IH, CH, 

olefinic) * 

Mass spectrum, m/e: 400(M'^), 365(M'*'-C1) , 

Synthesis of 98f j 

Yield: 1.06g, (70-/), m.p, 150-151^, 

Anal for C^gH^r,ClN202: Calcd, G, 63,57; H, 4,96; N, 9,27/o 

Found, C, 64.65; H, 5,64; N, 10,10^. 

IR Speatrum(l<Br) , V 1595, 1610(v^^j^), 1200, 915, 760, 690 

PMR Spectrum (DMSOd^) , 6 ppmj 6.9'-a.4(m, 8H, aromatic + IH, CH, 

olefinic), 3. 8(m, 6H, OCH^), 

Mass spectrum, m/e: 302 267(M’*‘-cl):. 
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CHAPTER-III 


CERIC AMMONIUM NITRATE OXIDATION OF SOME 
ESTERS, aIjDAZINES & HETEROCTCLES 


III.l ABSTRACT 

Ceric ammonium nitrate oxidation of some esters, aldazines 
and heterocycles have been investigated. The esters, aldazines 
and heterocycles taken for the present study include , Methyl- 
benzoate, ethyl-benzoate, n— propyl-benzoate^ ethyl— ^-^hloro- 
benzoate, ethyl-m-chlorobenzoate, ethyl— ^-nitro-benzoate, ethyl- 
£-bromo*-benzoate, ally3^benzoate, allyl— m— chloro-benzoate, allyl- 
p-chloro-benzoate, allyl-^-nitro-benzoate, allyl-2”'t'Olu^'h^/ allyl- 
g-methoxy-benzoate, benzyl-benzoate, benzyl-p—chlorou-benzoate, 
benzyl"-£“toluate, ethyl-phenyl-acetate, n-propyl- phenyl-acetate. 
Aldazines (139a-j) (substiuents are given in Table III. 2), 1-phenyl 
-3-methyl- 2-pYraz01in-5--one, 1“[4— dinitro-phenyl ]'^3-methYl“2- 
pyrazolin-5-one, 1, 2, 3, 4-tetrahydro-carbazole, and l-[ 2, 4-dinitro- 
ph<5jnyl 3“3, 5-dimethyl“pyrazole, 





-182- 


Oxidative cleavage of esters with CAN gave rise to their 
corresponding acids. While aldazines (139a“j) on similar treat- 
ment produced their corresponding aldehydes, characterized as 
2, 4— dinitro-phenyl-hydrazones) , 

Reaction of CAN with l-phenyl-3-methyl— 2-pyrazolin— 5-one, 

1— [4-nitro phenyl }-3~methy 1—2— pyrazolin-5— one, 1, 2, 3 , 4-tetra- 
hydrocarbazole, gave rise to 4—4 * — bis— 1— phenyl— 3-methv 1—2— pyrazo— 
lin— 5-one, 4—4 ' -bJ^— l-[ 4— nitro-phenyl]-3— methyl- 2-pyrazolin-5-one, 
N— N* "bis — 1, 2,3, 4-tetrahydro-carbazole respectively. 

The treatment of 1“[2, 4— dinitro-phenyl ]-3 , 5-dimethyl-pyrazole 
produced a hitherto unreported heterocycle ( 148 d) . 


Ill . 2 INTRODUCTION 

Ceric ion in its various coordination states has been 

known as a strong oxidising agent for many decades. However, 

early use of ceric ion in organic chemistry was primarily 

restricted to colorimetric and quantitative estimation of 
2 1 

alcohols. Later studies revealed the ability of ceric ion to 
oxidise a variety of organic functional groups but these efforts 
were mostly devoted to the studies of reaction kinetics and little, 
if any, effort was expanded to the preparative aspects of these 

3 

Reactions, investigations during the last decade by Trahanovs>:y 
and others^ on ceric ammonium nitrate (CAN) and ceric ammonium 
'^ulphate (CAS) oxidation of a number of organic compounds have 
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drawn attention to the synthetic versatility of ceric ion in 
preparative organic chemistry.^ consequently, a great deal of 
promising synthetic methodology has been realised^ employing 
ceric ions. In the following text the oxidation of common 
organic functional groups with ceric reagents is discussed* 

Alcohols ; 

Among the various functional groups, alcohols are 

most readily oxidised by ceric ion and their reactions have 

5 

been extensively studied. Thus, benzylic and cyclopropyl 

carbinyl^ alcohols are oxidised Jto corresponding aldehydes. Bridged 

8 

alccW^ols and cyclobutanols are oxidised with adjacent 

9 

C~C bond fission, a -Clycols are cleaved by ceric ion and 

10 

alkanols possessing a <5 -hydrogen atom such as n-pentanol, 
produce tetrahydrofuran derivatives in analogy with lead tetra- 
acetate oxidations. Simple cyclic alcohols like cyclopentanol 

11 

and cyclohexanol as well as admantanol are dehydrogenated to 

the corresponding ketones in the presence of ceric ion. These 

reactions with typical illustrations are depicted in scheme 111,1, 

8 12 

Mechanistic studies * have suggested that ceric ion induced 
alcohol cleavage is an one electron process, whereas for ketone 
formation a two electron oxidation is operative. The cyclization 
of bridged secondary alcohols with ceric ammonium nitrate is 
shown in scheme III. 2. Aryl methanols on treatment with sodium 

. I ! 14 

r^'romate and catalytic amount of ceric anmonium nitrate give the 
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Scheme III, 2 



corresponding carbonyl compounds. Ceric ammonium nitrate absorbed 

1 5 

on activated charcoal has been found to be an effective catalyst 
for the air oxidation of benzyl alcohols and acyloins to the 
corresponding carbonyl compounds. 

Carbonyl compounds ; 

Alicyclic ketones are rapidly consumed by ceric ammonium 

nitrate or ceric ammonium sulphate to furnish the corresponding 

16 

U)-nitratocarboxylic acid via a pathway involving a-cleavage. 
Cyclopentanone, cyclohexanone and norbornanone belong to this 
category and furnish mixtures of ring opened carboxylic acids 
(Scheme TTX.3) . Camphor Itself is not affected by treatment with 
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Can in methanol at 20°, but the nonenolizable camphorquinone 72 

17 

is oxidized easily, mainly to an inseparable mixture of 31 and 3 2 

(Scheme III. 4). Adamanbanone (35) and tetracyclone (37) exhibit 

unexpected behaviour towards CAN and undergo efficient Baeyer- 

16 4 

Villiger oxidation ' to the lactone (S^) and tetraphenyl a - 

17 

pyrone (38) (Scheme III, 5). Benzoin splits into benzaldehyde 
and benzoic acid (yield; 86%) when treated with CAN in aqueous- 
acetonitrile ( vide Scheme III, 6). 


Scheme 111.6 
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17 

;ildehydes and Ketones are susceptible to ceric ion 
oxidation. Formaldehyde# for example# is oxidized to formic 
acid (in acid media) . It was reported that the reaction with 
triphenylacetaldehyde gave triphenyl carbinol together with some 
unreacted aldehyde# and the reaction was interpreted as proceeding 
via hydrogen abstraction (vide infra) > 


Scheme III, 7 

(CgHj3)3C-CHO #■ (CgH5)3C-C^ 

I " 

3^* -i HCrO''' 

CO + H"** 

(CgH5)3C' (CeH5)3C-^ 

i 

(C6H5)3C0H 

( 75 %) 


Carboxylic acids : 

Simple aliphatic and aromatic carboxylic acids are usually 

18 19 

Stable towards ceric ion. However# oxalic acid and malonic 

I 

,acid are readily oxidized by ceric ion to carbon dioxide and 

'I ' ' 

Water* The higher homologues of these dicarboxylic acids do not 

I ' > I 
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react wibh ceric ion, Cycloheptatriene carboxylic acid 39 is 

90 

readily decarboxylated to tropyliiam salt ^ with CAN in 30% yield , 

Scheme III, 8 

X- 

21 

a-hydroxy carboxylic acids are degraded to carbonyl compounds 
with loss of a carbon atom by ceric ion and this constitutes a 
useful degradative metnod. 



Scheme III,9 
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Hydrocarbons : 

Aromatic hydrocarbons, possessing benzylic methyl and methyl- 
'■fn^ 'groups, are rapidly oxidized to corresponding carbonyl functions 

, ij j> ij I 

"'V M ' I ' 9 2 

1M,GAN in acidic medium . Thus o~and ^-xylenes are oxidized to 
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2- and 4- iTiGthyl-benaaldenydes respectively in lOO/o yield^®. 
Polynuclear nydrocarbons are readily oxidized^^ to quinones by 
CAH under mild conditions and in reasonable yields (Scheme III. 10). 

Efficient conversion of indane ^ to 1-indanone 

tetralin 52 to 1-tetralone ^ and steroidal^*^ substrate 54 to 55 

are useful examples of hydrocarbon oxidation (Scheme III, 11). 

Aryl cyclopropanes like 56 are cleaved by CAN in acetic acid to 

ring opened products 57 and 58 (Scheme 111,12). Oxidation of 1^2- 
2 6 

diaryl ethanes with CAN produce only cleavage product: benzal- 
dehyde, benzyl alcohol and benzyl nitrate ( vide infra ) , 

ArGH 2 CH 2 Ar ArCHO + ArCH20H ArCH20N02 

6(r/o 30% io;4 


Hydroquinones : 

27 

Hydroquinones can toe rapidly and efficiendly oxidized to 
the corresponding quinones by GAN. This oxidation procedure is 
applicable for tne generation of ortho— ^ para- and diquinones 
(Scheme III. 13) . 

Oximes and semicarbazones : 

In many synthetic operations, it is expedient to either 
protect or purify carbonyl compounds via their oxime and semi- 

I 23 

carbazone derivative. CAN regenerates the parent ketones or 

•f . < 
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aldehydes from oximes and semi-carbazones^ at low temperature and 
in good yieldsartd thus provides a superior and mild alternative 
to the conventionally used regeneration procedures. 


Organon-sulphur compounds : 

Diaryl sulphides are readily oxidized to the corresponding 
25 

sulphoxides in high yields without any contamination with the 
corresponding sulphones ( vide infra ) . 


Ar. 


Ar 




S 


CAN 



65 


29 

The oxidation of sulphides to sulphoxides can be carried 
out with catalytic amount of CAN and sodium bromate in acetoni- 
trile^^, 1, 3— dithiolanes and dlthianes are readily degraded to 

31 

their parent carbonyl compounds on treatment with CAN. The 
reaction may be visualized to take place as shown. 


Scheme 111,14 
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The cleavage of 1, 3“-dit;hianes by ceric ammonium nitrate^ ^ 
requires four equivalenbs of the salt for high yields because of 
the following mechanism. 


Scheme III. 15 



Phosphines are quantitatively transformed to the 

4 

corresponding phosphine oxides by ceric ion, ( vide infr a) , 
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Oxidation of ethyl“l, 4/ 5, S-tetranydronicotinate^^ ( 71 ) 
with CAN gives furodipiperidine ring system (72) (Scheme 111.16). 
Ceric ammonium nitrate in aqueous acetonitrile oxidises^ ^ a 
variety of hydroquinone dimethyl ethers to the corresponding 
quinones in high yield (Scheme 111,17), 

The dimethoxynapthalenes 7^ and 76 undergo oxidative 
35 

cyclization with CAN (Scheme III. 18), Ceric ammonium nitrate 

in aqueous acetic acid (buffered with sodium acetate) rapidly 
3 6 

oxidises , 2, 2‘*-dipyrrylmethanes to the corresponding 2,2* — 
dipyrrylketones . 


Scneme 111,19 

0 





Hethyibenzimidazoles are oxidised by CAN to give 25-60% 

37 

yield of benzimidazole carboxaldehyde (Scheme III, 20), 

39 

Laudanosine (84) is oxidised by CAN to veratraldehyde and the 
'.dlhydroisoguinolinium salt 85 (Scheme 111.21), The sodium salts 

I ' 3Q 

;'87 and 89 undergo coupling reaction with ceric ammonium 
(hitrate (scheme III. 22), 



SCHEME 111.20 



SCHEME 111 21 



X 

X S CO2 C2H5 88 





SCHEME III. 23 





- 202 ' 


Compound 93^ and 9^ underqo ceric ammonium nitrate oxidation 

40 

to yield 9^ and 94 respectively, (i^cheme III. 23), Reactions of 
pyrazolines 9^ v/ith CAN in acetone at 0^ give exclusively the 
corresponding cyclopropane or the mixture of cyclopropane and 

41 

olefin (Scheme 111,24), 

Sodium bromate and catalytic amount of ceric ammonium 

42 

nitrate oxidise ethers to carbonyl compounds ( vide Infra ) * 

Scheme 111,25 
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The transformation of >— NO2 ^ '^C~0 can be conducted 

43 

by treatment of nitro compounds with CAN and triethylamine. 
( vide Scheme 111-26). 

Scheme 111,26 
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Surprisingly no work has been reported in respect of the 
reaction of gam with ethers, aldaaines/ pyrazoles, 2--pYra sol in-5— 
ones and 1, 2, 3, 4— tetrahydro-carbazole. It was^ therefore, 
desirable to study the can oxidation of these substrates. 

44—46 

Various reagents have been developed for effecting 

cleavage of the alkyl oxygen bond of methyl esters by nucleophilic 
displacement of the carooxylate anion from the methyl group viz,, 

lithium iodide in refluxing pyridine/ 2, 6-lutidine/ or 2,4,6- 

44 45 

collidine, lithium iodide in hot dimethyl-forrnamide (EMF) and 

46 

potassium t-butoxide in warm dimethyl sulphoxide , 

Lithium thiop-ropoxlds, podium thiioethoxide sodium 
thianethoxide have also been shown to be effective reagents for 
the cleavage of nindered esters. Treatment of esters^ 

100 and IQl with sodium thiomethoxide at 25° for 2 hr affords 
the corresponding acids 101 and 102 each in 98% yield (Scheme 
III. 27) . 

type cleavages of esters and lactones with phenyl 
52—53 

selenide anion have been studied. Tnis reagent has been 

found to be extremely potent nucleophile. Valerolactone on 
treatment with sodium phenyl selenxde in THF/HMPA at reflux 
temperature for 3 hr, furnished t>>—phenyl selenenyl carboxylic 
acid in 85% yield (Scheme III,2S), 
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Scheme III. 27 
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Oxidation of methyl, ethyl, n-propyl, iso -propyl/ butyl 

acetates by tJ**' in acetic acid-sulphuric acid mixture has been 
R4-«c,7 

investigated. ( vide infra ) . 

Scheme III, 29 
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Oxidation of esters by Cr^ in acetic acid has been 
reported. The products are corresponding ketones, which are 
identified as tneir corresponding 2 j 4 -dinitro~phenylhydra 2 ones, 

C ^ 

Oxidation of esters by bromine and N-bromo-succinimide has 
been studied leading to the formation of corresponding acids. 

On the other hand, the oxidation of benzyl esters with bromine 
and isi-bromofluocinindde produced the corresponding benzaldehydes. 

Oxidation of esters have also been investigated with 
triphenyl" dibromo-phosphorane, leading to the formation of 
corresponding acids, which were identified by comparison with 
authentic samples (ir, nitir) . 
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Scheme III ,31 
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It seems probable that the ester reacts with triphenyl- 
dibromo-phosphorane to form an oxonaiim salt, which then undergoes 
cleavage through its reaction with bromide ion, 

58 

Azines ( 2/ S-diazabuta—l# 3-dienes, Rs^Me or H) are 

smoothly cleaved by bromine in 7:3 acetic acid-water at 25*^ to 

give quantitative amounts of the corresponding substituted 

acetophenone (s) or benzaldehiyde<s) , with the evolution of nitrogen, 

A plausible mechanism of oxidative bromination of azlnes Is 

59 

suggested in Scheme 111,30. The oxidation of aldazines (RCH«p- 
NwCHR) with lead tetra-acetate has been foiind to yield 1,3,4- 
oxadiazolines when R=aryl or alkyl, could be converted to 

the 1, 3, 4-oxadiazole ( 113 ) by further oxidation with lead tetra- 
acetate (Scheme 111,31) , 

Q 

The oxidation of aliphatic ketazines with lead tetracetate 
has been found to give cx , ^-unsaturated azoacetates (Scheme 111.3 2). 

a 

Aromatic ketazines failed to react with lead tetracetate, a /,0 - 

unsaturated asoacetates 11.4 are stable when stored at low tempera— 

59 

ture but rearrange to a— acetoxy ketazines upon heating • 

(Scneme 111,32), 

Treatment of cyclohexanoneazine with equivalent of lead 
tetribetate resulted in the foimation of a, j3— unsaturated azo- 
acetates^^ (Scheme 111,33). The hydrogen atom on G-4 of 2-pYra- 
zolin-5-ones are readily attacked by mild oxidizing agents. The 
products of this reaction are bis- pyrazolinones / when phenyl- 
hydrazine or nitrous acid is used as the oxidizing 
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Scheme 111.33 
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Scheme 111,37 
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Scheme III .39 
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KMnO^ In acid media oxidlae^tiie benzene ring leaving a methyl 

75 

group unchanged In the pyrazole nucleus (Scheme 111,38), The 

oxidation of 2- furyl-*pyrazole with neutral permanganate has been 

studied. Only tne furan i^xng Is oxidized and alJtyl or aryl 

7 6 

substituents remain uneffectfed (Scheme 111*39) • Chromic acid 
has also been used £or the oxidation of pyrasoles. 

Catalytic oxidation of 1, 2/3,4-tetrahydro-carbazole gives 

77-.7a 

ll-hydro-peroxytetrahydrocarbazoienine* The latter compound 

on treatment with alkali yields tne spiro Gom£)ound (Scheme 111,40), 


RlS^^ULTo nSCUSSTOP 

Oxidative cleavage of esters (135a— r) with ceric ammonium 
nitrate has been studied (in 1:4 molar ratio) at reflux tempera- 
ture 00*^ for 5-6 hr, resulting in tne formation of their 
corresponding acids, Tne reaction is believed to proceed through 
the formation of free radicals (vide Scheme ill, 41). 
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Tho cicids obtained were char-acteriised by the determination 
oJ; their m.pw ‘i'bC behaviour/ infra-" rod analysis and comparing 
these data with those obtained with the genuine sample of the acid. 
The oxidative cleavage of aldaaines ( I39 a""1 ) have been effected 
with CAN in (1:6) molar ratios, in acetonitrile at reflux 
temperature for 1,5 hr, producing tne corresponding aldehydes. 

These were characterised by the preparation of their 2, 4-dinitro- 
phenyl-hydrazones, and confirmed by comparing these with authentic 
samples, (cf .Table IXI.2). At present the mechanism of the reaction 
is not clear. 

The easy conversion of aldehydes to aldazines coupled with 
their conversion to aldehydes by CAN, makes it an attractive 
method of protecting an aldehyde group. 

Treatment of ceric ammonium nitrate with some heterocycles, 
such as l-phenyl-'B-methyl— 2-pyrazolin*&“One, 1413, l-[4-nltro— 
phenyJ 3-3"-methy3*-2“'pyrazolin*"One 141b , 1, 2, 3, 4-tetrahydroGarba— 
BOle took place smoothly at O^C producing their corresponding 
dimers viz,, 4, 4 ‘"- bis^ -l-phenyl-S-methyl-S-pyragolin-S-one 143 a, 

4, 4'-Ms“'l-[4"nitrO"phenyl}“3-methyl*-2“pYrazolin-S-one 143b , 
N/N'- bls- l, 2, 3 , 4"tetrd^hydrQGQrbazole 146 g respectively. The 
reaction is believed to proceed via the free radical formation 
(ycneme 111,44-45). 

l-[2,4’-“dinitro-phenyl]-3,5»diTnethYi-pyrazole 147 d on 
treatment with GAN produced a hitherto unreported heterocycle. 
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The mechf^nl^m of the forniafcton of this heterocycle is not clear 
(Scheme 111,46}, 

On the basis of elemental analysis 143 ci/ corresponded to 
molecular formula So«18V2- It gcive molecular ion peak at 
346 in the mass spectrum (Fig, 111.2} . it exhibited IR absorption 
bands at 1710 (v^__q), l600Cv^_j^^) (Fig. iii.l). The NMR spectrum 
gave signals at 6 l*9--2,7 (m,6H/CH2)/ 7.2“7.4(m^ lOH, aromatic), 
5,0(S/ 2H, CH) . It was identified as 4 / 4 ' -bis -^l— Iphenyl-S—methyl" 
2-"py ra aol in-S-one , 

On the basis of elemental analysis 143b corresponded to 
molecular formula, ^20^\6^6^6' cjQve molecular ion peak at 
436 in the mass spectrum. It displayed IR absorption maxima at 
1715 (v^^q), 1600(v^__^) , It gave PMR signals at d 1.8-2, 6(m, 6H, 

CH^) , 7. 1-7, 5 (m, 8H/ aromatic), 5,1 (s, 2H/ CH2) • It was identi- 
fied as N,tj’-b^-l-[4-nitro-phenyl]--3-inf\ethyl-2”pyraaolin-5-one(l^b) , 

On the basis of elemental analysis 14 6c corresponded to 
molecular formula ^34^24^3* I't gave molecular ion peak at 340 in 
the mass spectrum. It exhibited IR absorption band at 1610(v^_^) 
(Pig, III. 3). It gave PMR signals at 67.8-8,5(m, 8H, aromatic), 

2. 2-2.4 (m, 16H, CH^) . It was identified as M' -bis-l, 2,3,4- 
tetrahydro-carbazole. 

On the basis of elemental analysis 14S d corresponded to 
molecular formula (Pig, ill, 6). Molecular ion peak 

appeared at 294 in the mass spectrum. It displayed IR absorption 
maxima at 1620(v^^^) (Fig, III. 4). It displayed PMR signals at 
6 2,2-2.5 (d, 6H, CH3), 8,l-9(m, 3H, aromatic), 6,2(s,lH,CH) 

(Fig. Ill, 5), It was characterized as 1 48 d. 
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ItiXJ^KRIMj^INTAL 

All the melting points are uncorrected and were taken on 
a 'Fisher-trohns melting point apparatus. The specification of 
the NMR, and Mass spectrometers were the same as described 
earlier ( vide Chapter-I) . 

Starting materials 

A BDH sample of ceric ammonium nitrate was used. The 
following esters, aldazines and heterocycles ( vide infra ) were 
prepared according to the methods described elsewhere: ethyl- 
benzoate, n-propy 1-benzoate, methyl-benzoate, ethyl-^— chloro— 
benzoate, ethyl-^-nitro-benzoate, ethyl“P"bromo-ben 2 oate, ethyl- 
m-chloro-benzoate, ally 1-benzoate, allyl-^-chloro-bensoate, allyl— 
m-chloro-benzoate, allyl-^— nitro-benzoate, allyl— £-toluate, allyl-* 
£-methoxy-benzoate, benzyl— benzoate, benzyl-£-chloro-benzoate, 
benzyl'-m-"GhlorO“benzoate, benzyl-g-toluate, ethyl-phenyl-acetate, 
n-^-propyl-* phenyl-acetate, aldazines (139a”f) (see Table IIX.2). 

l-phenyl-*3*“methyl-*2— pyrazolin-"5-one, l“[2-nltro-pheny;^3— 
methyl— 2“pyrazolin-*5-onG, 1, 2, 3, 4-tetrahydro-Garbaaole, l-[2,4— 
dlnitro-phenyl ]-3 , 5-dimethyl-pyrazole . 
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OXIDATIVE cleavage OE ESTERS WITH CERIC AMMONIUM NITRATE 
General procedure ; 

To a stirred solution of ester (1 mmol) in aqueous-aceto- 
nitrile (1:4/ 5 ml) was added a solution of ceric ammonium 
nitrate (4 mmol) in acetonitrile. The resulting solution was 
refluxed for 5-6 hr at 80°y followed by cooling to room tempera- 
ture* The reaction mixture was diluted with water (10 ml) and 
extracted with ether (3x5 ml). The ethereal layer was separated 
and extracted with sodium bicarbonate solution (5%), The aqueous 
layer was acidified (dil. IICl) and shaken up with ether (3x5 ml) . 

The acid component/ dissolved in ether/ was dried over Na 2 SO^, 

Ether was distilled off to recover the acid, which was charact- 
erized by the determination of its m.p., TLC behaviour, infrared/ 
analysis/ and comparing these data with those obtained with the 
genuine sample of the acid. The yields, m*p. of the corresponding 
acids are listed in the Table lll.l. 

O XIDATIVE CLEAVAG E OF ALDA2 INES ( 139a-j ) 

General .pr o cedure : 

To a stirred solution of aldazine (0.001 mol) maintained 
at 80^ in acetonitrile (6 ml) was added CAN (0.006 mol) in 
acetonitrile (6 ml). The reaction mixture was refluxed for 
1.5 hr* As soon as the reaction was coh\plete (TLC monitoring) , reac- 
tion mixture was cooled to room temperature, and diluted with water. 
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lullowed by (ixtraction with ether (2x10 ml). The ethereal layer 
was washed with water and dried (Na 2 SO^). On evaporating off 
the solvent/ -che residual material was reacted with an alcoholic 
solution of 2, 4-*dinitrophenylhYdrazine (in acidic medium). The 
resulting 2, 4-“dinitrophenylhydraz(frne was collected by flit-ration 
and identified by comparison with authentic samples. The yields, 
m,p- of the corresponding 2, 4'-'dinitrophenylhYdrazones are listed 
in Table III,2) , 

preparation op the dimers of substituted 2"PYRAZ0LIN-"5-0NE( 143a-b) 
AND TETRAHYDROCARBAZOLE ( 146c) 

General procedure ; 

To a stirred solution of 141a (0.001 mol) in acetonitrile 
(6 ml) was added (0.0025 mol) CAN (0,01 mol) in acetonitrile (6 ml) 
at 0°. As soon as the reaction was complete (TLC monitoring),- 
reaction mixture wa'^ diluted with water, followed by extraction 
with other (2x10 ml). The ethereal layer was washed with water 
and dried (NagHO^) , On evaporating off the solvent, the residual 
material obtained was crystallized with etnanol, producing 143 a. 
compounds 143b and 146 c are obtainable from the appropriate 
reactants under reaction condition described above. 

Note ; When l-[2/4-'dinitrophenyl]-3, 5-dimethyl pyrazole is treated 
in the manner outlined above - a new heterocyclic system (148d) 
is obtained. 
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4, 4 ' "" bia- l-phenyl— 3--methvl-2—pvra20li.n--5-one! 

Yield: 0.519g^ (60%), m.p. 278-279° (lit. 290°, dec). 

Anal for C2o”l8’^4°2' C, 69.36; H, 5,20; N, 16.18% 

Found, C, 68.16; H, 6.21; N, 17.56% 

IR Speotrm(KBr), V 1710(Vj.^g), 1600(vg^^), 1380, 1000, 

840 cm"^. 

PMR Sp6ctrum(DMS0dg) , 6 ppm: 1.9-2.7(m, 6H, CH^) , 7.2-7.4(m, lOH, 

aromatic) / 5,0 (a, 2H/ CH) . 

Mass spectrum, m/e: 346 (M'*'), 174* 

4,4* "" bia- f 4-nltrophenvl ]-3-methyl— 2— pyrazolin-5-one : 

Yield: 0.676g, (62%), m.p. 250-252° (lit. 255°, dec). 

Anal for C20^16^6°6' Calcd, C, 55.04; H, 3.66; N, 19.26% 

Pound, C, 54,68; H, 4,21; N, 20.15% 

IR spectrum(ia)r), V 1715(vg^o), adOOfvg^fj). 1370, 1100, 

830 cm"^, 

PMR Spectrum (DMSOdg) y 6 ppm: 1.8-2..6(jin, 6H/ CH^)/ 7,l-7*5(m, 8H/ 

aromatic)/ 5*l(s, 2H/ CH) • 

Mass spectrum, m/e: 43 6 (M"*") , 

M’- bla -l, 2,3, 4-tetrahydro-carbazoie: 

Yield: O.SOlg, (59%), m.p, 260*^(0160). 

Anal for C24H24N2: Calcd, C, 84.70; H, 7.05; N, 8.23% 

Found, C, 85.61; H, 7.86; N, 9.15% 
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IR Spectr\Am(l<Rr) 161 0(-v)^^j^) , 1400, 1130, 850, 710 cm"^. 

PMR Spectrum ( PMSOdg) , fppm: 7,8— 8,5(m, 8H, aromatic), 2,2-“2,4(m, 

16H, CH2) . 

Mass spectrum, m/et 340(M'**), 

Compound 148 d; 



Yield!0,448g ,(61%),m.p, 107-108^, 

Anal for, C^^H^QN^Og! Calcd, C, 44.89; H, 3.40; N, 19.04 

Found, C, 44,75; H, 3.30; W, 19.01% 

IR 8pectrum(KDr) , 1620 , 1350, 1140, 840, 7$0 cm"^ . 

PMR Spectrum(m80dg) , J ppm: 2.2-2.5(d, 6H, CH3) , 8,l-9(m, 3H, 

aromatic), 6.2(s, IH, CH) , 

Mass spectrum, m/e: 294iM'*‘) , 262, 
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T/^h£>-lXl.X 

CERIC ammonium NITtMTE OXIDATION OP PETERS 

0 

1 2 
R -C-OR 


» 1 ' o • 


» 

Product! 

i. 


' 2 
! R 

1 

! M.P,/ (llt.)°C 

1 

i Yleld(%) 

1 

138a 

1 

*"6^5 

CH 3 

122-123 

(122-123) 

56 

138b 

^6^5 

^2”5 

122-123 

(122-123) 

59 

138c 


n-G 3 H 7 

120-122 

(122-123) 

61 

I3ad 

’rntmtm mm 

E-ClCgH^ 


238-240 

(239-241) 

58 

13S1 

m-ClCgH,j 

C 2 H 5 

154-156 

(155-157) 

58 

ISSf 

E-NOjCgH^ 

Ca-'s 

239-240 

(239-241) 

62 

138g 

E-BrCgH^ 

^ 2 ^ 

251-253 

(252-254) 

65 

13Bh 


CH 2 -CH=GH 2 

121-123 

(121-123) 

78 

1381 

E-ClCgH^ 

CH 2 -CH=CH 2 

239-240 

(239-241) 

74 

13/^j 

E-ClCgH^ 

CH 2 ~CH=CH 2 

155-156 

(155-157) 

70 

130k 

E-NOjCgH^ 

CH 2 ~CH=CH 2 

238-240 

(239-241) 

70 

1381 

E-CH 3 C 6 H 4 

CH 2 “Cn=CH 2 

179-181 

(180-182) 

69 

138m 

E-OCHjCgH^ 

CH 2 -CH=CH 2 

181-185 

(182-185) 

85 


Table (contd, ) . . 
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Tab3e(contd. ) . , 


X38n 

■ H UlMI 

'=6’^5 

CHgCgHs 

121-123 

C122-123) 

64 

138o 

E-ClCgH^ 

CH2CgH5 

239-240 

(239-241) 

65 

laap 

E-<H3C6H4 

CH^CgHg 

181-382 

(180-182) 

70 

138q 

mmmmm 

'^6'''5™2 

CjHg 

76-77 

(77) 

68 

138r 

C 5 H 5 CH 2 


75-77 

(77) 

65 


TABIiE-XII, 2 


Oxidative cleavage of aldazines with CAN 





4" 

H 

H /— 

5-- 






^ \ 1 
R 


r4 




■■■1 

imiii 

■H 


— H3 

BWHlB 



r' I 

3 1 

R 1 

R^ i 

I 

5 * 

■ 

i^mm 

H 

140a 

H 

H 

H 

H 

H 

H 

236-23 7 
(237) 

82 

140b 

H 

H 

Cl 

H 

H 

Cl 

264-265 

(265) 

79 

140q 

H 

H 

Br 

H 

H 

Br 

264-265 

(265) 

81 

_140cl 

H 

H 

OGH 3 

H 

H 

0 CH 3 

253-254 
( 254) 

76 

a40e 



H 

OCH 3 

OCH 3 

H 

0 CH 3 

OCH 3 

263-264 

(264) 

75 

140£ 

H 

H 

NOp 

H 

H 

NO 2 

319-320 

(320) 

72 

l_40g 

t’Oz 

H 

H 

N 02 

H 

H 

264-265 

(265) 

70 

140h 

H 

NO 2 

H 

H 

NO 2 

H 

290-29 2 
(292) 

80 

140i 

H 

Cl 

H 

H 

Cl 

H 

247-248 

(248) 

74 

M 2 o 

Cl 

H 

H 

Cl 

H 

H 

207-209 

(209) 

73 
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CHmPTSR-IV 

FHOTOLYTIC STUDIES ON SC^iS 
SUBSTITUTED CHALCONES 


IV. 1 ABSTRACT 

Fhotocnemical irradiation of some STJbstituted chalcones, 
viz. , 4 ’ -chloro-chalcone, 3, 4~diiriethoxy-'4’—chlora-ciia leone, 

I 

4 -chloro—4-acetarr>ido~cha leone has been studied in different 
solvents such as benzene, acetone, methanol, ethanol, acetic 
acid, employing the molecular oxygen. Srinivusan Griffin Rayonet 
Photochemical reactor, equipped with 2537 a'^ light source, was 
used for carrying out the photochemical irradiations. 

Irradiation of 4 ' -chloro-cha leone, 3, 4— dimethoxy— 4'— chloro- 
chalcone in acetone/molecular for 46 hr gave rise to their 
corresponding indenones. 

4'-chloro~chalcone, 3, 4~dimethyoxy-'4‘-chloro-chalcone, in 
benzene/molecular were photochemically irradiated for 44 hr, 
leading to the formation corresponding of flavancmes. 
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4 ‘ -chlorochalcone/ 3 , 4‘~diinethoxy-4 ’ -chloro-chalcone on 
irradiation in methanoi/molecular for 42 hr produced p-chloro- 
benzoic acid. 

3 2 

^ introduction 

Photoisomerization of trans chalcone^, trar^— 2— hydroxy- 

2 3 4 

chalcone and other substituted chalcones ' and heterocyclic 

analogues of chalcones into their corresponding cis isomers 

has been described in the literature. Thus/ cle— 2-methoxy 

chalcone is convertible to c^—2— hydroxy-chalcone (photochemical 

demethylation) ' by prolonged irradiation with sunlight. Some 

chalcones ^ on the other hand, have a great tendency to undergo 

resinif ication^ when irradiated either in the solid state or 

solution, viz,, 4, 4 '-dimethyl (and 4, 4 '-dimethoxy) chalcones. The 

solid state photochemistry of some 2'— nitro-chalcones has been 
7 

studied. Various parameters seem to govern the specific pathway 
followed by the photochemical reaction, for example, molecular 
conformation and its retention and the molecular packings. 

Several chalcones have been reported to undergo photo^ 
chemical dimerizations, viz,, chalcone,^'® 4 ‘-methyl— chalcone, ^ 
4-methoxy-chalcone^^, and the thiophene analogue^^ of chalcone. 

The cyclobutane type of structure^' ^ has been assigned to chalcone 
dimers, 
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The high melting (m»p. 226°) isomer, (produced by solid 
state irradiation) has been assigned a structure 2, while the 
low melting (m.p. 126°) isomer, produced in solution, has been 
assigned a structure 3 (vide infra)* 


Ph 

COPh 

i 


ocheme IV. 1 



U 

0 


2 




Ph"'^ kp_-.ph 
0 
3 


13 

Dimerization of chalcone and 4““methoxy-chalcone do not 


1 2 

ta3<e place if these are irradiated in presence of Urany 1-chloride . 


Photoinduced dimerization of 4-fnethoxv-chalcone is 
13—15 

reported to take place with the aid of 9, 10— dihydro—anthracene, 

1 fi 

Photolysis of 2-o-hydroxy chalcone in ethanol is reported to 
yield 2-"ethoxy-£lav-3-ene (96%) and a very small amount of (1%) 
flavene, (bcheme iv,2). 

Scheme IV. 2 


H 
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4 ‘ -chloroGhalcone, 3, 4-dlmethoxy-4'-chloro— chalcone on 
irradiation in methanol/molecular 0^ for 42 hr produced p-chloro- 
benzoic acid, 

IV, 2 Introduction^^ 

1 

Photoisomerization of trans chalcone / trans -2-hvdroxy~ 
chalcone^ and other substituted chalcones^ ' ^ and heterocyclic 
analogues of chalcones into their corresponding cis isomers 
has been described in the literature, Thus/ cis -2-methoxy 
chalcone is convertible to cis— 2— hydroxy— chalcone (photochemical 

o 

demethylation) " by prolonged Irradiation with sunlight. .9ome 

chalcones/ on the other hand, have a great tendency to undergo 

resinif ication^’ when irradiated either in the solid state or 

solution, viz,, 4, 4' -dimethyl (and 4, 4 * -dimethoxy) chalcones , The 

solid state photochemistry of some 2' -nitro-chalcones has been 
7 

studied. Various parameters seem to govern the specific pathway 
followed by the photochemical reaction, for example, molecular 
conformation and its retention and the molecular packings. 

Several chalcones have been reported to undergo photo*. 

chemical dimerizations, viz,, chalcone, 4' -methyl— chalcone, ^ 

4'-methQxy-chalaone^^, and the thiophene analogue of chalcone- 

6 fl 

The cyclobutane type of structure ' has been assigned to chalcone 
dimera,^"'^*^ 



Scheme IV. 3 



_9_ and jO 

9 , r"*;£ > R =Me 

. XHitm M ’ A O 

10 , R - ? R^eCH20Me, 
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Methylene blue-sensitised photochemical oxidation by 

1 7 

visible light has been described in the case of 2'-hydroxy- 
4 ' I 6* , 3; 4-tetramethoxy*.chalcone/ leading to the formation of 5,7; 

3 ' , 4 ' -tetraniethoxy— f lavanonol^ The 3— hydroxylic function in the 
flavanonol is assumed to a rise from the hydroxylic radical 
generated by the photolysis of aqueous methanol; used as the 
solvent* 

3 

Photoisomerization of trans chalcone; trans-'2— hydroxy 
chalcone and other substituted chalcones and heterocyclic analo- 
gues of chalcones in to their corresponding cis-isomer has been 
described in the literature* In alkaline peroxide the fully 
0 “substituted pairs of trans and cis— chal cones 7 and 8 form trans 
epoxide 9 and 1^ which could be stored unchanged for at least 
6 months (Scheme 1V*3). 

Chalcones are the important key intermediates for the 
17 

biogenesis* of naturally occurring oxygen heterocycles; particularly 
the flavonoids* They can be conveniently converted to the flavo- 
noids of different oxygenation leveK by chemical as well 'as 
enaymatic methods. Using chalcone precursors, Pelter ^ al . have 
shown that flavanonols are generated from chalcones in plants* 

The radical nature of the reaction was confirmed by its inhibition 
on addition of quinol, a radical quencher. The radical 12 under- 
goes an intramolecular radical abstraction from 2 '-hydroxyl group to 
produce 13 which yields the flavanonol either by radical-water 
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molecule collision or by combination with the hydroxyl radical 
■Irormed by the photolysis of aqueous methanol (Scheme IV. 4). 

Photolysis of chalcone derivatives 

Irradiation of trans -chalcone oxide^®"*^'^ (3^) in aceto- 
nitrile with 313 nm radiation led to the formation of dibenzoyl 
methane as the major product (Scheme IV. 5). 

However, irradiation of chalcone epoxide (15) in presence 
of a six fold excess of methyl acrylate, an efficient dipolaro- 
phile, led to the formation of substituted tetrahydrofuran adduct 
in addition to dibenzoyl-methane (Scheme IV. 6). 

Chalcone epoxides are reported to undergo photooxidative 

18 

cleavage, yielding a mixture of acid and aldehyde. An illus- 
trative example is the photochemical transformation, 2', 3,4,4'- 

18 ' 

tetramethoxy-cha leone epoxide to veratraldehyde and 2, 4-dimethoxy., 

benzoic acid. Some of the chalcone-semi-carbazones are reported 

to exhibit photochemical isomerism. ' Example are; p-methyl- 

21 

chalcone and £-methoxy- 2 ‘ -methyl- chalcone 

Miscellaneous photochemical reactions 

23—23 

Oxidative photocoupling reactions have been investi- 

gated for the cyclization of cis and trans stilbene and their 
derivatives to form substituted phenanthrenes. Para-fluro, 
chloro'-and bromo-^stilbenea photocycllze in yield of 60-85% 

(Scheme Iv.V) . 
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Scheme IV. 5 
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Scheme IV. 6 



Scheme IV -7 



















The synthesis of a large number of polycyclic and poly- 
heterocyclic aromatics has been achieved by oxidative photo 
coupling reactions. The synthesis of picene from 1, 2~-distyryl 
benzene, triphenylene from ortho -terphenyl^ phenanthroline from 

1 . 2 - dipyridyl ethylenes, has been accomplished by this method 
(Scheme IV. 8 ), 

2 6 *^ 2 V 

A solution of isophorone , in aqueous acetic acid, is 
irradiated under a gentle nitrogen sparge for 20 hr, giving rise, 
to isophorone dimer, (Scheme IV. 9), 

Irradiation of 2— phenyl— 3--[ 2— pyridyl jacrylonitrile^^ in 

benzene produced benzo [ 7 ]quin01ine-6-Garbonitrile (Scheme IV, 10), 

28 

2. 3- dimethyl- 2-butene on irradiation gave rise to 3-hydroperoxy- 
2 , 3'-dimethyl— 1-butene. 


Scheme IV. ll 
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Irradiation of aerated solutions of 1, 2, 3 , 4, 4a/9a, hexahydro 
fluorane in absolute methanol in the presence of sulphuric acid, 
ia reported bo give 1, 2, 3 , 4, 4a, 9a-hexahydro-4a-methoxy-xanthene 
(Scheme IV, 12) . 
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Photochemical irradiation of 2^ 5-dimethyI-furan furnished 

5-hydropGroxy-2/ 5-dimethyl dihydro-furan^^ (Scheme IV, 13), 

30 

Irradiation of bi-l-cyclohexen-l-yl in presence of erythrosin B 
as a sensitizer/ produced a stable epidioxlde In 51% yield' 

(Scheme IV. 14). 

results and discussion 

Photochemical irradiation of 4'-Ghloro^GhalGone/ 3/4- 
dimethoxy-4' -chloro-chalcone/ 4 ' -chloro-^-acetamido-chalcone has 
been studied in different solvents/ viz,/ benzene/ acetone/ 
methanol/ ethanol/ acetic acid using molecular oxygen* 

Photochemical irradiation of 4' -chloro-chalcone/ 3,4- 
dimethoxy-4'"chloro“chalcone in acetonermolecular oxygen for 
46 hr produced their corresponding indenbnes <50a-b) (Scheme rv,15) 

■ » ( m ' ■ 

Irradiation of 4' -“Chloro«.chalcone/ 3, 4“dimethoxy-4 ' -chloro-chalcone 
in benzene molecular oxygen for 44 hr gave rise to their corres- 
ponding flavanones (^a— b) (Scheme IV. 16), 

Irradiation of 4'-chloro“ChalGone, and 3, 4— dimethoxy-4'- 
chloro—cha leone in methanol molecular oxygen for 42 hr produced 
2 -chloro benzoic acid ( 59 a-b) (Scheme IV. 17). 

4'-chlorO'M::halGone/ 3i,4“dimethoxy— 4'-chloro-chalcone on 
irradiation, in ethanol, acetic acid oxygen did not yield any 
product, even after prolonged irradiation, bikewise, 4'-chloro- 
4-acetamidcwcha leone on irradiation in benSene, acetone, methanol, ^ 
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ijthanol, acetic aci<a-02 failed to yield any product. Irradiation 
of 4'“chloro«-chalcone in acetone/O^ yielded a product which on 
the basis of elemental analysis corresponded to molecular 
formula C^^HgOCl. It gave molecular ion peak at 241 in the mass 
spectrum (Fig. IV. 1), 

It exhibited IR absorption bands at 1665 (v^_q), 1600, 1330, 
1215, 1090, 930, 830, 760, 690, It gave PMr signals at d 7. 2-3.1 
(m, 8H, aromatic -flH/'CH, olefinic) , It was identified as indenone 
derivative 50a. 

Irradiation of 4 ' — chloro— 3 ,4— dimethoxy^chalcone in acetone/ 
O^f gave rise to a product which on the basis of elemental analysis 
corresponded to the molecular formula C^r^H^^ClO^ (Fig, IV. 4), It 
gave molecular ion peak, at 301 in the mass spectrum, it exhibited 
IR absorption maxima at 1665(v^^q), 1600, 1330, 1210, 830, 750, 
B3n,770 cm"^ (Fig. IV. 2). It gave PMR signals at 6 6.9-8.15(m, 

6H, aromatic -i- IHCH, olefinic), 3.9(s,6H, OCH3) (Fig. IV. 3), It 
was identified at indenone derivative 5Qfo. 

Irradiation of 4‘-chloro-Ghalcone in benzene/02 afforded 
a product which on the basis of elemental analysis corresponded 
to molecular formula it gave molecular ion peak at 

256 in the mass spectrum. It displayed IR absorption bands at 
1675(v^__^), 1600, 1350, 1230, 1170, It gave PMR signals at 6 

6.25“7*1 (m, 8H, aromatic t IHCH, olefinic). It was identified . 
as 53a (Fig. IV. 5) . 
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Irradiat-l-on of ^'-chloro-S/^-dimethoxy-chalcone in benst^ne/ 
0^ gave rise to a product which on the beisis of elemental analysis 
corresponded to molecular fontiula (Fig, IV, 8) , It gave 

molecular ion peak at 317, in the mass spectrum. It displayed IR 
absorption maxima at 1675 (v^_q), 1590, 1320, 1420,1130' cm ^ (Fig. 
IV. 6). It gave PMR signals at 6 6.2'”7.2 (m, 6 h, aromatic +lH,CH/ 
olef inic) , 3,8(s, 6H, OGH^) (Fig.IV.7)* It was identified as 
flavanone derivative 53b, 

Irradiation of 4 ' -“chloro-chalcone (as well as 3, 4“'dimethoxy— 
4'-"chloro«chalGone) in , methanol-02 yielded a product 59c which 
on the basis of elemental analysis corresponded to molecular 
formula G^Hj^C102- It gave molecular ion peak at 157 in the mass 
spectrum. It was found identical in all respects (Go-TLC, m.p, 
and physical data) with a genuine sample of p-chlorobenzoic acid, 

XV, 4 FXPBRIMBNTAL 

All the melting points are unoorrected and were taken on 
a Fisher-^'/ohns melting point apparatus. The specification of the 
XR, PKiR, and Mass spectrornGters are the same as described earlier 
( vide Chapter-I) , 

Starting materials 

4 ' -chloro-chalcone, 3 , 4-dimethoxy-4 ' -'Chloro-ahalaone, 4 ' - 

chloro-4-acetamido-'Cha leone, were prepared according to the 

31 ■ 

literature procedure, Solvents such as benzene, methanol, acetone. 
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©thanol, acetic acid were purified by standard procedures, 
Petroleum ether used was the fraction b,p. 60-80^, All the 
irradiation experiments were carried out in Srinivasan Griffin 
Rayonet Photochemical reactor/ equipped with 253 7^ light source. 

Preparation of indenone derivative 5Q a 

A solution of 4^“chlorochalcone (0,01 mol) in acetone 
(100 ml) was irradiated for 46 hr/ in presence of molecular 
oxygen using Srinivasan Griffin Rayonet Photochemical reactor. 

The experiment was repeated few timeS/ to photolyse in all l,2g 
of chalcone. Removal of the solvent under vacuum gave a residual 
solid which, was chromatographed over silica gel. Elution with 
petroleum ether-benzene (4s 1) afforded 2 $% of the unchanged 
starting material* 

Sxibsquent elution of the column with petroleum ether- 
benzene ( 111 ) yielded, after recrystallization from benzene, the 
pure indenone derivative. S pa , 

Yield! 0,602g, (50%), 115°. 

Anal for Cj^gHgClOs Calcd, C, 74.68! H, 3.73% 

Pound, G, 73.61; H, 4.5®4 

IR Spectrum (l®r) , V 1665 (vq^O^' I^IS, 1090, 

980, 830, 760, 690 cm“^. 




PMR Spectrum (crx;i 3 ) / (5 ppm. ‘ 7«2‘-8*l{m, BH, aromatic IH, CH^ 

olefinic) * 

Maas spectrum/ m/et 241(M''‘). 

Preparation of Indenone derivative ,50b 

A solution of 3, 4-dimethoxy-4'“Chlorochalcone in acetone 
(100 ml) was Irradiated for 44 hr using a Srinivaaan Griffin 
Photochemical reactor/ equipped with a 253 7^ light source. The 
photolysis was repeated several times to photolys© in all 1,5^ 

The solvent was removed under reduced pressure and the residvie 
obtained was chromatographed over silica gel, Elution'*^petroleum 
ether“benzene (3:1) afforded 50b (after recrystalliaation from 
benzene) • 

Further elution of the column with different solvents 
gave a complex mixture of products/ from which no definite 
product(s) could be isolated. 

Yield'. O.705g, (52%), m.p. 140-141°. 

Anal .for Cj^.yHj_ 5 Cl 03 : Calcd, C, 67.54; H, 4.96/0 

Found, G, 68.56; H, 5.61'% 

IR ,yp©Gtrum(KBr) , V 1660(vc„o), 1600, 1330, 1210, 830, 750, 

770 cm“^, 

PMR Speetrum(CDCl 3) , 6 ppm; 6.9-8. 15(m, 6 H, aromatic + IH, CH), 3,9 

(a, 6 H, OCH 3 ) . 

Mass apootrum, m/e; 301 (M'*') . 





Proparation of f.lavanono derivative 

A solution of 4 ' “chloro-chfileDne {0..1 mol) in tunr/.one 
(100 ml) vtaa irradiated usint:] molecular ior 4 4 hr^ in 
;;>rinivasan Griffin Kayonet pno tucnemical I’eactor, the experlKient; 
was repeated a few times to photolyse in alll.^'i! of: cha leone. Removal 
of the solvent under diminished presavire yave a residue which 
was chromatographed over silica gel. Blution with mixture of 
(4;1) of petroleum ether and bensiene 12X> of tl )0 

unchanged starting material. 

Subsequent elution of: the column with a rnixturo of El:!) 
mixture of petroleum ether and ben?.enc gave r>3a/ it was recryw'^ 
tallijaod from banssene. 

Yicadi O.C65g , (52X0. m.p. llfi-^U.9'^, 

Anal for i Calcd. C. 67. V7; ll, 4.31% 

Found, C, 67.02; H, 4.21% 

XH Spectr\im(Khr), 167, ir7£)0, ^2^0, ,?230, U70, ?>J0, 

690 

PMR Spectrum(cix;i^) ^ 6 ppm- (0 2M4 (np BH, nx"omcttic i IHCl!, 

olefinic) . 

Maas spectrum, m/e; * 



Preparation of fXavanone clurivatlve 

h solution of 4'--c!iloro-chalconu (0*0i mol) in htnu'.oat! 

(100 ml) was irradiated for 44 hr using .srinivasan (hriiiiin 

Rayonet photochemical reactor4 The experiment was repeated a 

few times, to photolyse in alll.Bg of chaloono* Removal of the Holvi'tsi 

under vacuum gave a residual solid which wan c4u;titvtal;ocira(:'htHl 

over silica gel, Elution with petroleum tjtt'ier^V'ony.iuu.j (4:0 

afforded 15*'-^ of the unchanged starting matorial* 

Subsequent elution of tho column wii:)i a mix^uro of H;!), 
petroleum ether and V:>enaene gave it was rectystnll iv.ed frain 

benzene, 

Yield: 0,a08g, (SllfO/m.p, 1 . 


Ana 1 

for 

Celled, C, 

67*77; M, 

4.31’;:; 



jj'ound, c, 

07,60; H, 

4 , 21';'?. 

Xk 1;; 

peotrumdClr) , v :i67!Hvp 

mo cm" 

.0^/ IhhC, 

-1 

« 

13^0, lOiC, hho, 700, 

PMi; 

.''ilJOotruiTi(clX)l^) , 6 

ppm: 6./-" 

7.2 (m, 6’H, 

aromatic Mn/CH), 3,? 



(d. 

r« 

0 

o 

V 



Maas spectrum, m/e: 317 (m'’'^), 301, 

Preparation of Il'ich loro4.'>en^oic acid ^9c 

i Tf i i« <i niiM 1 lit I I I 1 i.T | ” i ' ■ -^-n-nr-t-’f^-rif ij ug iii iM i ib i . t^i'-iJutj-nrVtrr 3 -Klin‘-VUjf ~ i r~ i - i i i | ii i 

TO a solution of 4 ’ -Ghloro-chalcone in methanol ClhO mD/th, 



was irradiated I'or 4 2 hr using vj rinivasan KayurKn’. rh<>tni::nr'mifuil 
reactor. The experiment was repeated a few tlmc’S to phatolyiJp 
in all/X.2g of the chalcone. Removal or; the eiDlvent In yomio, 
gave a solid/ which was chromatographed over silica gel* y^lotlon 
with a petroleum ether-benzene (4:1) gave UPit unchanged starting 
material, subsequent elution of the column with 

acetate (1:4) furnished B9 c. It was recrystalXiv'aHl trum fsvhanol lo g 
p-chlorobenaoic acid. Yield: 0,390g, m.p. 213-214*^ 

It was found identical in all ruapocts (Co-TU;/ m.p* and 
physical data) with a genuine sample of j^chloro-^Hun^-oic acid* 
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